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MOTOROLA 
POWER DEVICES 
IN BRIEF 

SILICON POWER TRANSISTORS 

Wide Range of Transistor 
Specifications 



Motorola offers more than 600 stan- 
dard (off the shelf) power transistors to 
cover the widest range of applications at 
the lowest cost. 

Current Range — 0.5 to 70 Amperes 
Voltage Range — 25 to 1500 Volts 
Power Dissipation Range — 1 to 300 

Watts 

Darlingtons, Too 

Darlington transistors represent the 
integrated circuits of the power field. Con- 
sisting of two transistors, two resistors, 
and (up to) two diodes, they achieve gain 
figures up to 20,000 in a single package. 
Rapid line expansion, and the resulting 
widespread implementation make 
Motorola Darlingtons highly cost effective 
in a fast-growing number of applications. 

Complete Selection of 
Popular Packages 

In metal and plastic, Motorola offers a 
wide range of packages to match ther- 
mal, electrical and cost requirements. 

Chips, Chips, Chips! 

Designing a hybrid? Motorola’s wide 
range of power transistors is available. . . 
UNENCAPSULATED: Check with your 
Motorola sales representative for price 
and delivery quotations. 

Specials Unlimited 

Need a unique transistor with speci- 
fications not available off-the-shelf? 
Chances are Motorola can produce it 
quickly and inexpensively. Routine use of 
four major power processes* and more 
than two decades of experience in the 
pioneering of new structures and 
geometries provide the insight and 
capability to meet any required specifica- 
tion within the limits of state-of-the-art 
technology. 


*Routinely Used Processes and 
Their Specific Attributes 


Process 


Feature 


Planar 
Double and 
Triple 
Diffused 


Mesa 

Double and 

Triple 

Diffused 


EpiBase 


PowerBase 


Good frequency response (fj 
25 MHz) combined with BVqeo 
of 200 V, which can be extended 
to 450 V by use of a “field 
plate” diffusion. Available in 
both NPN and PNP types, for 
fast switches or high-frequency 
amplifiers where dc 60 A is of 
little concern. 

A high-voltage process capable 
of attaining 2000 V breakdowns, 
with low to medium gain, med- 
ium speed and ruggedness, at 
low cost. NPN process only. 
Used in auto ignition, Switch- 
mode regulators and TV hori- 
zontal outputs. 

A predictable epitaxial base 
grown on thick collector silicon 
produces a workhorse transis- 
tor with 4-10 MHz fj, 40-150 V 
BVqeo* and 70 A current capa- 
bility in both. PNP and NPN. Ap- 
plications lor the economical 
standards include audio 
amplifiers, inductive power 
switches and low-frequency 
voltage regulators and 
converters. 

Using a thick epitaxial base 
region, with mask-oriented 
voltage profile control, Power- 
Base combines the advantages 
of EpiBase with the superior 
SOA characteristics of the 
single-diffused process. 
Moreover, it extends these SOA 
characteristics to PNP devices 
as well as to the NPN structures 
obtainable with single-diffused 
technology. 




THYRISTORS 

Characteristics and 
Ratings for Your Triggered 
Power Switching 

Applications 

The wide variety of Thyristor and 
Trigger devices offered by Motorola is in- 
tended to serve a diversified market, in 
which each application demands particu- 
lar voltage, current, trigger and package 
characteristics. Thyristors are divided 
into these classes: 

Silicon Controlled Rectifiers (SCRs)— 

For dc and half-wave ac applications 
Current Range — 0.5 to 50 Amperes, 
rms (Radar pulse 
modulators to 1000 
Amperes, peak) 
Voltage Range — 25 to 800 Volts 

Triacs — For full-wave ac applications 
Current Range — 0.8 to 40 Amperes 
rms 

Voltage Range — 25 to 800 Volts 

— And Triggers 

To meet the wide variety of input re- 
quirements, the following Trigger Devices 
are supplied by Motorola: 

Unijunction Transistors (UJT) — For 

unidirectional, fixed threshold SCR 
triggering. 

Programmable Unijunction Transistors 
(PUT) — For externally preset SCR 
. triggering. 

Bilateral Triggers (D! AC) — For bidirec- 
tional Triac Triggering 
Silicon Bilateral Switches (SBS) — For 

bidirectional, externally, synchronized 
triggering. 

Optically Coupled Triac Drivers — For 

driving isolated loads from sensitive 
logic sources. 


Just the Package You’ve 
Been Looking For! 

More than 20 packages, both metal 
and plastic, with a variety of plastic 
package leadform options. Such variety 
allows flexibility of mounting in sockets, 
printed circuit boards, and on heat sinks, 
for higher dissipation applications. High 
power metal thyristors are available in 
press-fit, stud, isolated stud or isolated 
flange, for ease of mounting. 

Radar Pulse Modulators 
Handle 1000 Amperes Peak 

A line of high speed, high pulse current 
SCRs can provide the massive, short 
duration pulses, with minimum variations 
in rise time, needed by today’s radar 
systems. JAN specification is available 
for military applications. 

Experience, Flexibility and 
Mass-Production Expertise 

Recognizing that Thyristor users often 
have technical requirements that no 
available standard type can meet, 
Motorola’s engineers can quickly 
evaluate new applications and produce 
specially specified Thyristors with the 
confidence of having done it, in volume, 
many times before. 

Ruggedness and Reliability 

Motorola Thyristors are designed into 
thousands of high-stress power switching 
applications worldwide . . . and have pro- 
ven themselves in the real world. 

For example, the Plastic Thyristor 
Reliability Guide shows samples with no 
failure after, 1000 hours of High 
Temperature Reverse Blocking, 10,000 
Power Cycles, 50 cycles of Method 1051 
Temperature Cycle, 4000 hours of High 
Temperature Storage, and much more. 
Motorola Thyristors can take it! 
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Designers', EpiBase, PowerBase, Switchmode, and Thermopad are trademarks of Motorola. 
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Device 

Page 

Device 

Page 

2N6187 

4-229 

2N6294 

4-258 

2N6394 

7-112 

2N6188 

4-229 

2N6295 

4-258 

- 2N6395 

7-112 

2N6189 

4-229 

2N6296 

4-258 

2N6396 

7-112 

2N6190 

4-233 

2N6297 

4-258 

2N6397 

7-112 

2N6191 

4-233 

2N6298 

4-214 

2N6398 

7-112 

2N6192 

4-233 

2N6299 

4-214 


7-112 

2N6T93 

4-233 

2N6300 

4-214 

2N6400 

7-116 

2N6211 

4-237 

2N6301 

4-214 


7-116 

2N6212 

4-237 

2N6303 

4-39 


7-116 

2N6213 

4-237 

2N6306 

4-263 


7-116 

2N6226 * 

4-161 

2N6307 

4-263 


7-116 

2N6227 

4-161 

2N6308 

4-263 v 

2N6405 

7-116 

2N6228 

4-161 

2N6312 

4-80 

2N6420 

4-26 

2N6229 

4-146 

2N6313 

4-80 

2N6421 

4-26 

2N6230 

4-146 

2N6314 

4-80 

2N6422 

4-26 

2N6231 

4-146 

2N6315 

4-267 

2N6423 

4-26 

2 N 6233 

4-241 

2N6316 

4-267 


4-44 

2N6234 

4-241 

2N6317 

4-267 

2 N 64 2 5 

4-44 

2N6235 

4-241 

2N6318 

4-267 

2N6436 

4-289 

2N6236 

7-102 

2N6338 

4-273 

2N6437 

4-289 

2N6237 

7-102 

2N6338JAN 

2-15 

2N6437JAN 

2-15 

2N6238 

7-102 

2N6338JTX 

2-15 

2N6437JTX 

2-15 

2N6239 

7-102 

2N6338JTXV 

2-15 

2N6437JTXV 

2-15 

2N6240 

7-102 

2N6339 

4-273 

2N6438 

4-289 

' 2N6241 

7-102 

2N6340 

4-273 

2N6438JAN 

2-15 

2N6249 

4-245 

2N6341 

4-273 

2N6438JTX 

. 2-15 

2N6250 

4-245 

2N6341 JAN 

2-15 

2N6438JTXV 

2-15 

2N6251 

4-245 

2N6341JTX 

2-15 

2N6486 

4-293 

2N6257 

4-60 

2N6341 JTXV 

2-15 

2N6487 

4-293 

2N6274 

4-249 

2N6342 

7-104 

2N6488 

4-293 

2N6274JAN 

2-16 

2N6342A 

7-108 

2N6489 

4-293 

2N6274JTX 

2-16 

2N6343 

7-104 

2N6490 

4-293 

2N6274JTXV 

2-16 

2N6343A 

7-108 

2N6491 

4-293 

2N6275 

4-249 

2N6344 

7-104 

2N6495 

4-298 

2N6276 

4-249 

2N6344A 

7-108 

2 N 6497 

4-302 

2N6277 

4-249 

2N6345 

7-104 

2N6498 

4-302 

2N6277JAN 

2-16 

2N6345A 

7-108 

2N6499 

4-302 

2N6277JTX , 

2-16 

2N6346 

7-104 

2N6504 

7-120 

2N6277JTXV 

2-16 

2N6346A 

7-108 

2N6505 

7-120 

2N52824 

4-253 

2N6347 

7-104 

2N6506 

7-120 

2N6283 

4-253 

2N6347A 

7-108 

2N6507 


2N6283JAN 

2-15 

2N6348 

7-104 

2N6508 

7-120 

2N6283JTX 

2-15 

2N6348A 

7-108 

2N6509 


2N6283JTXV 

2-15 

- 2N6349 

7-104 

2N6542 

4-306 

2N6284 

4-253 

2N6349A 

7-108 

2N6543 

4-306 

2N6284JAN 

2-15 

2N6377 

4-277 

2N6544 

4-314 

2N6284JTX 

2-15 

2N6378 

4-277 

2N6545 

4-314 

2N6284JTXV 

2-15 

2N6378JAN 

2-16 

2N6546 

4-322 

2N6285 

4-253 

2N6378JTX 

2-16 

2N6546JAN 

2-15 

2N6286 

4-253 

2N6378JTXV 

2-16 

2N6546JTX 

2-15 

2N6286JAN 

2-15 

2N6379 

4-277 

2N6546JTXV 

2-15 

2N6286JTX 

2-15 

2N6379JAN 

2-16 

2N6547 

4-322 

2N6286JTXV 

2-15 

2N6379JTX 

2-16 

2N6547JAN 

2-15 

2N6287 

4-253 

2N6379JTXV 

2-16 

2N6547JTX 

2-15 

2N6287JAN 

2-15 

2N6383 

4-281 

2N6547JTXV 

2-15 

2N6287JTX 

2-15 

2N6384 

4-281 

2N6548 

4-330 

2N6287JTXV 

2-15 

2N6385 

4-281 

2N6549 

4-330 

2N6288 

4-221 

2N6386 

4-285 

2N6551 

4-334 

2N6290 

4-221 

2N6387 

4-285 

‘2N6552 

4-334 

2N6292 

4-221 

2N6388 

4-285 

2N6553 

4-334 
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Page 

Device 

Page 

Device 

Page 

2N6554 

4-338 

D40P1 

4-394 

MCR729 

7-170 

2N6555 

4-338 

D40P3 

4-394 

MCR1718 

7-172 

2N6556 

4-338 

D40P5 

4-394 

MCR1906 

7-174 

2N6557 

4-342 

D41D1 

4-378 

MCR3818 

7-176 

2N6558 

4-342 

D41D2 

4-378 

MCR3835 

7-180 

2N6559 

4-342 

D41D4 

4-378 

MCR3918 

7-176 

2N6569 

4-346 

D41D5 

4-378 

MCR3935 

7-180 

2N6576 

4-350 

D41D7 

4-378 

MDS20 

4-398 

2N6577 

4-350 

D41D8 

4-378 

MDS21 

4-398 

2N6578 

4-350 

D41D10 

4-378 

MDS23 

2-9 

2N6591 

4-354 

D41D11 

4-378 

MDS24 

2-9 

2N6592 

4-354 

D41D13 

4-378 

MDS25 

2-9 

2N6593 

4-354 

D41D14 

4-378 

MDS26 

4-402 

2N6594 

4-358 

D41E1 

4-382 

MDS27 

4-402 

2N6609 

4-65 

D41E5 

4-382 

MDS60 

4-404 

2N6648 

4-281 

D41E7 

4-382 

MDS73 

2-9 

2N6649 

4-281 

D41K1 

4-386 

MDS74 

2-9 

2N6650 

4-281 

D41K2 

4-386 

MDS75 

2-9 

BU108 

2-16 

D41K3 

4-386 

MDS76 

4-402 

BU204 

4-362 

D41K4 

4-386 

MDS77 

4-402 

BU205 

4-362 

MAC15 

7-134 

MDS1678 

4-406 

BU207 

4-368 

MAC15A 

7-134 

MJ205 

2-16 

BU208 

4-368 

MAC20 

7-138 

MJ410 

4-408 

C35 

7-124 

MAC20A 

7-138 

MJ411 

4-408 

C106 

7-126 

MAC25 

7-138 

MJ413 

4-410 

C122 

7-128 

MAC25A 

7-138 

MJ423 

4-410 

C228 

7-130 

MAC35 

7-140 

MJ431 

4-410 

C228( )3 

7-130 

MAC36 

7-140 

MJ802 

4-412 

C229 

7-130 

MAC37 

7-144 

MJ804 

2-16 

C230 

7-132 

MAC38 

7-144 

MJ900 

4-414 

C230( )3 

7-132 

MAC50 

7-138 

MJ901 

4-414 

C231 

7-132 

MAC50A 

7-138 

MJ1000 

4-414 

C231( )3 

7-132 

MAC92 

7-148 

MJ1001 

4-414 

C232 

7-132 

MAC220 

7-104 

MJ1800 

2-16 

C233 

7-132 

MAC221 

7-104 

MJ2252 

2-16 

D40C1 

4-374 

MAC40688 

7-66 

MJ2500 

4-416 

D40C2 

4-374 

MAC40689 

7-66 

MJ2501 

4-416 

D40C4 

4-374 

MAC40690 

7-66 

MJ2955 

4-6 

D40C5 

4-374 

MBS4991 

7-152 

MJ2955A 

4-10 

D40D1 

4-378 

MBS4992 

7-152 

MJ3000 

4-416 

D40D2 

4-378 

MCR63 

7-156 

MJ3001 

4-416 

D40D4 

4-378 

MCR64 

7-156 

MJ3029 

4-418 

D40D5 

4-378 

MCR65 

7-156 

MJ3030 

4-418 

D40D7 

4-378 

MCR100 

7-158 

MJ3040 

4-420 

D40D8 

4-378 

MCR101 

7-160 

MJ3041 

4-420 

D40D10 

4-378 

MCR102 

7-160 

MJ3042 

4-420 

D40D11 

4-378 

MCR103 

7-160 

MJ3771 

2-16 

D40D13 

4-378 

MCR104 

7-160 

MJ3772 

2-16 

D40D14 

4-378 

MCR106 

7-162 

MJ3773 

2-16 

D40E1 

4-382 

MCR115 

7-164 

MJ4030 

4-422 

D40E5 

4-382 

MCR120 

7-164 

MJ4031 

4-422 

D40E7 

4-382 

MCR201 

7-166 

MJ4032 

4-422 

D40K1 

4-386 

MCR202 

7-166 

MJ4033 

4-422 

D40K2 

4-386 

MCR203 

7-166 

MJ4034 

4-422 

D40K3 

4-386 

MCR204 

7-166 

MJ4035 

4-422 

D40K4 

4-386 

MCR205 

7-166 

MJ4502 

4-424 

D40N1 

4-390 

MCR206 

7-166 

MJ4645 

4-426 

D40N2 

4-390 

MCR220 

7-112 

MJ4646 

4-426 

D40N3 

4-390 

MCR221 

7-116 

MJ4647 

4-426 

D40N4 

4-390 

MCR649AP 

7-16 

MJ6700 

4-428 
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Page 

MJ7160 

2-16 

MJ15014 

2-6 

MJE710 

2-17 

MJ7161 

2-16 

MJ15015 

4-10 

MJE711 

2-17 

MJ8100 

4-430 

MJ15016 

4-10 

MJE712 

2-17 

MJ9000 

2-17 

MJ 15022 

4-527 

MJE720 

2-17 

MJ10000 

4-432 

MJ15024 

4-527 

MJE721 

2-17 

MJ10001 

4-432 

MJE31 

2-17 

MJE722 

2-17 

MJ10002 

4-438 

MJE31A 

2-17 

MJE800 

4-561 

MJ 10003 

4-438 

MJE31B 

2-17 

MJE801 

4-561 

MJ 10004 

4-444 

MJE31C 

2-17 

MJE802 

4-561 

MJ10005 

4-444 

MJE32 

2-17 

MJE803 

4-561 

MJ10006 

4-450 

MJE32A 

2-17 

MJE1090 

2-17 

MJ10007 

4-450 

MJE32B 

2-17 

MJE1091 

2-17 

MJ10008 

4-456 

MJE32C 

2-17 

MJE1092 

2-17 

MJ 10009 

4-456 

MJE51T 

4-530 

MJE1093 

2-17 

MJ10011 

4-462 

MJE52T 

4-530 

MJE1100 

2-17 

MJ10012 

4-464 

MJE53T 

4-530 

MJE1101 

2-17 

MJ10013 

4-468 

MJE105 

4-533 

MJE1102 

2-17 

MJ10014 

4-468 

MJE170 

4-535 

MJE1103 

2-17 

MJ10015 

4-474 

MJE171 

4-535 

MJE1290 

4-563 

MJ10016 

4-474 

MJE172 

4-535 

MJE1291 

4-563 

MJ11011 , 

4-479 

MJE180 

4-535 

MJE1660 

4-563 

MJ11012 

4-479 

MJE181 

4-535 

MJE1661 

4-563 

MJ11013 

4-479 

MJE182 

4-535 

MJE1909 

4-565 

MJ11014 

4-479 

MJE200 

4-539 

MJE2360T 

4-567 

MJ11015 

4-479 

MJE205 

4-543 

MJE2361T 

4-567 

MJ11016 

4-479 

MJE210 

4-539 

MJE2801 

4-569 

MJ11017 

2-2 

MJE220 

2-17 

MJE2801T 

4-569 

MJ11018 

2-2 

MJE221 

2-17 

MJE2901 

4-569 

MJ11019 

2-2 

MJE222 

2-17 

MJE2901T 

4-569 

MJ11020 

2-2 

MJE223 

2-17 

MJE2955 

4-571 

MJ11021 

2-3 

MJE224 

2-17 

MJE2955T 

4-571 

MJ11022 

2-3 

MJE225 

2-17 

MJE3055 

* 4-571 

MJ11028 

4-481 

MJE230 

2-17 

MJE3055T 

4-571 

MJ11029 

4-481 

MJE231 

2-17 

MJE3300 

4-573 

MJ11030 

4-481 

MJE232 

2-17 

MJE3301 

4-573 

MJ11031 

4-481 

MJE233 

2-17 

MJE3302 

4-573 

MJ11032 

4-481 

MJE234 

2-17 

MJE3310 

4-573 

MJ 11033 

4-481 

MJE235 

2-17 

MJE3311 

4-573 

MJ12002 

4-483 

MJE240 

4-545 

MJE3312 

4-573 

MJ12004 

4-489 

MJE241 

4-545 

MJE3439 

4-575 

MJ 12005 

4-495 

MJE242 

4-545 

MJE3440 

4-575 

MJ13014 

4-497 

MJE243 

4-545 

MJE6040 

4-200 

MJ13015 

4-497 

MJE244 

4-545 

MJE6041 

4-200 

MJ 13330 

4-503 

MJE250 

4-545 

MJE6042 

4-200 

MJ13331 

4-503 

MJE251 

4-545 

MJE6043 

4-200 

MJ13332 

4-509 

MJE252 

4-545 

MJE6044 

4-200 

MJ13333 

4-509 

MJE253 

4-545 

MJE6045 

4-200 

MJ 13334 

4-509 

MJE254 

4-545 

MJE13002 

4-577 

MJ13335 

4-509 

MJE340 

4-549 

MJE13003 

4-577 

MJ 14000 

4-515 

MJE341 

4-551 

MJE13004 

4-585 

MJ14001 

4-515 

MJE344 

4-551 

MJE 13005 

4-585 

MJ 14002 

4-515 

MJE350 

4-553 

MJE13006 

4-593 

MJ 14003 

4-515 

MJE370 

4-555 

MJE13007 

4-593 

MJ15001 

4-517 

MJE371 

4-557 

MJE13008 

4-601 

MJ 15002 

4-517 

MJE520 

4-559 

MJE13009 

4-601 

MJ 15003 

4-521 

MJE521 

2-17 

MJE15028 

4-609 

MJ 15004 

4-521 

MJE700 

4-561 

MJE15029 

4-609 

MJ15011 

4-525 

MJE701 

4-561 

MJE15030 

4-609 

MJ15012 

4-525 

MJE702 

4-561 

MJE15031 

4-609 

MJ15013 

2-6 

MJE703 

4-561 

MM 3007 

2-5 
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MM4030 

2-5 

SC250( )3 

7-210 

TIP42 

4-655 

MM4031 

2-5 

SC251 

7-210 

TIP42A 

4-655 

MM4032 

2-5 

SC260 

7-212 

TIP42B 

4-655 

MM4033 

2-5 

SC260( )3 

7-212 

TIP42C 

4-655 

MM4036 

.2-5 

SC261 

7-212 

TIP47 

4-659 

MM5007 

2-5 

SE9300 

2-17 

TIP48 

4-659 

MOC3010 

7-182 

SE9301 

2-17 

TIP49 

4-659 

MOC3011 

7-182 

SE9302 

2-17 

TIP50 

4-659 

MPS-U01 

4-611 

SC9400 

2-17 

TIP100 

4-663 

MPS-U01A 

4-611 

SC9401 

2-17 

TIP101 

4-663 

MPS-U02 

4-613 

SC9402 

2-17 

TIP102 

4-663 

MPS-U03 

4-615 

T2300P 

7-214 

TIP105 

4-663 

MPS-U04 

4-615 

T2301P 

7-214 

TIP106 

4-663 

MPS-U05 

4-619 

T2302P 

7-214 

TIP107 

4-663 

MPS-U06 

4-619 

T2500 

7-216 

TIP1 10 

4-668 

MPS-U07 

4-621 

T2800 

7-218 

TIP1 1 1 

4-668 

MPS-U10 

4-623 

T2801 

7-220 

TIP1 12 

4-668 

MPS-U31 

4-627 

T2802 

7-218 

TIP1 15 

4-668 

MPS-U45 

4-631 

T4100 

7-74 

TIP1 16 

4-668 

MPS-U51 

4-635 

T4101 

7-70 

TIP1 17 

4-668 

MPS-U51A 

4-635 

T4110 

7-74 

TIP120 

4-673 

MPS-U52 

4-637 

T4111 

7-70 

TIP121 

4-673 

MPS-U55 

4-639 

T4120 

7-222 

TIP122 

4-673 

MPS-U56 

4-639 

T4121 

7-70 

TIP125 

4-673 

MPS-U57 

4-641 

T6400 

7-224 

TIP126 

4-673 

MPS-U60 

4-643 

T6401 

7-226 

TIP127 

4-673 

MPS-U95 

4-645 

T6410 

7-224 



MPU131 

7-186 

T6411 

7-226 



MPU132 

7-186 

T6420 

7-224 



MPU133 

7-186 

T6421 

7-226 



MPU6027 

7-190 

TIP29 

4-649 



MPU6028 

7-190 

TIP29A 

4-649 



MU10 

7-194 

TIP29B 

4-649 



MU20 

7-194 

TIP29C 

4-649 



MU2646 

7-196 

TIP30 

4-649 



MU4891 

7-198 

TIP30A 

4-649 



MU4892 

7-198 

TIP30B 

4-649 



MU4893 

7-198 

TIP30C 

4-649 



MU4894 

7-198 

TIP31 

4-651 



S2800 

7-200 

TIP31A 

4-651 



S6200 

7-202 

TIP31B 

4-651 



S6210 

7-202 

TIP31C 

4-651 



S6220 

7-202 

TIP32 

4-651 



SC136 

7-204 

TIP32A 

4-651 



SC141 

7-206 

TIP32B 

4-651 



SC146 

7-206 

TIP32C 

4-651 



SC245 

> 7-208 

TIP41 

4-655 



SC245( )3 

7-208 

TIP41A 

4-655 



SC246 

. 7-208 

TIP41B 

4-655 



SC250 

7-210 

TIP41C 

4-655 
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CASE 11-01 - 40-mil pins 

MODIFIED TO-3 

CASE 197-01 - 60-mil pins 

For single side mounting in power range of 87.5 to 300 watts, 
at 25°C. 

Devices shown have 40-mil pins unless otherwise noted. 



STYLE 1: 

PIN 1. BASE 

2. EMITTER 
CASE. COLLECTOR 


Amps 

Max 


V CEO(sus) 

Volts 

Min 

Device Typo 

hpE @ l C 
Min/Max Amp 

Resistive Switching 

*T 

MHz 

Min 

P D (Case) 
Watts 

@ 25°C ' 

/IS 

Max 

X f 

fis (a) l c 

Max Amp 

NPN 

PNP 

mmm 

BU204 


2 

2 



2 

EE9 

36 

IKIUM&tt 



2 




2 

4 typ 

36 

■HNB 



1.11 




2 

4 typ 

75 




8/40 

3 



3 

5 

100 


■ li'l 1 1 1 ■ 


10/50 

2 

1 typ 

0.4 typ 

3 

5 

100 

350 

2N5840 


10/50 

2 

1 typ 


3 

5 

TOO -] 

325 

2N3902 


30/90 

1 



1 


100 

120 

2N4347 


15/60 

2 

Hgjig|g 

m 

wmm 

■ ■ 

100 

200 



30/90 

1 

n 

mt hi 


2.5 

■HH 

250 

MJ3029 


30 min 

0.4 

_ 


3 ___ 


wmm&mml 


ujrjm 




wm wm 




100 

mmm 

B3SSK- 



Hi 





100 

325 

MJ3030 


3.75 min 

3 


i 

3 


125 

400 

2N6543 


7/35 

3 

4 

0.8 

mmm 

6 

100 


BU207 



4.5 


mgm 

mm 

MEM 

125 

1 500* 

BU208 



WEM 



US 

M£M 

125 


MJ12004 



mm 


Hi 

tm 

H 

100 

hkzsshi 

2N5758 

2N6226 

25/100 

3 

EBEHI 

EBSB 


i 

■BE23HH 


2N5759 


“ 20/80 

3 

WSEM 



i 

wmmzmm 

HBEQHI 



15/60 

3 

liwiwa 


3 

i 

150 

mE%m 


MJ15012 

20/100 

mm 





200 

300 

MJ3041 


250 min 


mmm 

■1 

m 

m m 

100 

350 




mam 





100 

60 

2N3447 


40/120 

5 

2 

0.35 

5 

10 

115 

80 

2N3448 


40/120 

5 

2 

0.35 

5 

10 1 

115 

60 

MJ1000 

MJ900 

1 k min 

3 




mm 

90 


2N6055 

2N6053 

750/1 8k 

4 

1 .5 typ 

15 typ 

4 

KB 

100 

80 

MJ1001 

MJ901 

Ik min 





■ ■ 

90 


2N6056 

2N6054 

750/ 18k 


1 .5 typ 

1 .5 typ 

4 

KB 

100 

250 

2N6306 


15/75 


1.6 

0.4 

3 

5 

125 

300 

2N6307 



mm 




5 

125 


2N6544 



Mm 

■9 



6 

125 

350 

2N6308 



3 

1.6 

0.4 

Q| 

5 

125 

400 

2N6545 


■Bn 

5 

mtum 

1 

5 

6 

125 

1400* 

MJ10011 


20 min 

4 

mmm 

HUH! 

4 


80 

1500* 

MJ12005 


5 min 

5 


mm 

5 


100 

40 

2N6383 


1k/20k 

5 




mmm 

100 

60 

2N3713 

2N3789 

15 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 


2N3715 

2N3791 

30 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 


2N5877 

2N5875 

20/100 

4 

1 

0.8 

4 

4 

150 


MJ3000 

MJ2500 

1 k min 

5 





150 


2N6384 


1 k/20k 

5 




20# 

100 

80 

2N3714 

2N3790 

15 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 


2N3716 

2N3792 

30 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 


2N5878 

2N5876 

20/100 

4 

1 

0.8 

4 

4 

150 


MJ3001 

MJ2501 

1 k min 

5 





150 


2N6385 


1k/20k 

5 




20# 

100 

100 

2N5632 

2N6229 

25/100 

5 

0.9 typ 

0.9 typ 

5 

1 

150 

120 

2N5633 

2N6230 

20/80 

5 

0.9 typ 

0.9 typ 

5 

1 

150 

140 

2N5634 

2N6231 

15/60 

5 

0.9 typ 

0.9 typ 

5 

1 

150 


2N3442 


20/70 

4 





117 

150 

MJ11018 

MJ11017 

100 min 

10 





200 

200 

MJ11020 

MJ11019 

100 min 

10 





200 


2.5 


3.5 


7.5 


CEX 


# I h fe | @ 1 MHz 
(continued) 


2-3 










































#| h fe | @ 1 MHz 


200 1 
* @ 100° c 


2-4 






















































































































TO-3 (continued) 


IpCont 

Amps 

Max 

V CEO(sus) 

Volts 

Min 

Device Type 

h FE 0 l c 

Min/Max Amp 

Resistive Switching 

f T 

MHz 

Min 

P D (Case) 
Watts 

@ 25°C 

•s 

MS 

Max 

/US @ 

Max 

‘c 

Amp 

NPN 

PNP 

25 

140 

2N6340 


30/120 

10 

1 

0.25 

10 

40 

200 

(cont'd) 

150 

2N6341 


30/120 

10 

1 


10 

40 

200 


200 


Wm EEBM 

15/60 

8 

■ 



5 

250 


250 

MJ15024 


15/60 

8 




5 

250 

30 

40 



15/60 

15 










15/60 

15 

2 

i 

10 




60 

III 1 1 1 — 

■ iii 1 1 \mm 

15/60 

15 

2 

i 

10 

2 




MJ11012 

MJ11011 

1 k min 

20 




4# 

WmEEMm 


90 


■JuirmaM 


20 




4# 

200 


100 



■dEHfiM 

7.5 




2 

200 


120 




20 




4 # 

200 

50 

60 

2N5685© 

2N5683© 

15/60 





2 




MJ11028© 

MJ11029© 

400 min 






■ ■ 


80 

2N5686© 

2N56840 

15/60 

25 





■ 




2N6377® 

30/1 20 

20 







90 

MJ11030 

MJ1 1031 

400 min 

50 





300 


100 

2N6274© 

2N6378© 

30/120 

20 

0.8 

0.25 

20 

30 

250 


120 

2N6275© 

2N6379© 

30/120 

20 

0.8 

0.25 

20 

30 

250 



MJ11032© 

MJ11033© 

400 min 

50 





300 


140 

2N6276© 


30/120 

20 

0.8 

0.25 

20 

30 

250 


, 150 

2N6277© 


30/120 

20 

0.8 


20 

30 

250 


400 

MJ10015© 


10 min 

40 

2.5 

1.0 

20 


250 


500 

MJ10016© 


10 min 

40 

2.5 

1.0 

20 


250 

70 

60 

MJ 14000© 

MJ14001® 

15/100 

50 





300 


80 

MJ14002© 

MJ14003© 

15/100 

50 





300 


©Modified TO-3 # | h f | @ 1 MHz 
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TO-39 

CASE 79-02 

Lead mounted devices; power dissipa- 
of 5 to 10 watts at 25°C ambient. 


STYLE 1: 

PIN 1. EMITTER t 

2. BASE 

3. COLLECTOR 


l c Cont V CE0(sus) 


Device Type 
i I PNP 












"FE ^ 'C 
Min/Max Am 






Resistive Switching 
*s 'f 

M s MS @ U 


P D (Case) 
Watts 
@ 25°C 


5 


5 

5 



9 

CASE 160-03 STYLE 1: 

PIN 1. EMITTER 
2. BASE 

Stud mounted devices; power dissipa- 3. COLLECTOR 
tion 60 watts at 25°C case. 

Resistive Switching 

t, U 


^ 'c 

Max Amp 



(Case) 


30 

60 

30 

60 

30 

60 



















































































































TO-66 

CASE 80-02 STYLE 1 

PIN 1 

For single side mounting; power dissi- 2 

pation of 20 to 90 watts at 25°C case. 


BASE 

... EMITTER 
CASE. COLLECTOR 









Resistive Switching 



I^Cont 

V CEO(sus) 








f T 

P D (Case) 

Amps 

Volts 

Device Type 

h FE ® >C 

MS 

MS @ l c 

MHz 

Watts 

Max 

Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

1 

40 


2N4898 

20/100 

0.5 

B3EI8S1 


0.5 

3 

25 


60 


2N4899 

20/100 

0.5 



EBB 

3 

25 


80 

2N4912 

2N4900 

20/100 


■&E73 

Esxna 


3 

25 


175 

2N3583 

2N6420 

40/200 

0.5 

WBsm 

■«Mc«roi 

0.5 

10 

35 


225 

2N3738 

2N6424 

40/200 

0.1 

KCTiS 


0.1 

10 

20 


250 


2N5344 

25/100 

0.5 

0.6 

0.1 

0.5 

60 

40 


300 

2N3739 

2N6425 

40/200 

0.1 

3 typ 

0.3 typ 

0.1 

10 





2N5345 

25/100 

0.5 

0.6 

0.1 

0.5 

60 


2 

120 

2N5050 


25/100 

MW 

■ESI 

1.2 

itjua 

10 

40 


150 

2N5051 


25/100 


3.5 

1.2 


10 

40 


200 



25/100 


3.5 

1.2 

PICT 

10 

40 




2N6211 

10/100 

1 

2.5 

0.6 

1 

20 

35 


250 

2N3584 

2N6421 

25/100 

1 

4 

3 

1 

10 

35 


300 


2N6212 

10/100 

mm 



mm 


35 



2N3585 

2N6422 

25/100 

mm 


BIB 

Bfli 


35 


350 



10/100 


2.5 

0.6 

i 

20 

35 

3 

140 

2N3441 


25/100 





0.2 

25 

4 

60 


2N3740 

30/100 

0.25 

1.3 typ 

0.27 typ 

0.25 

4 

25 



2N3054.A 

2N6049 

25/100 

0.5' 

1 typ 

0.3 typ 

0.5 

3 

75 



2N3766 


40/160 

0.5 

0.9 typ 

0.09 typ 

0.5 

10 

20 



2N6294 

2N6296 

750/1 8k 

2 

0.9 typ 

0.7 typ 

2 

4# 

* 50 


80 


2N3741 

30/100 

0.25 

1.3 typ 

0.27 typ 

0.25 

4 

25 



2N3767 


40/160 

0.5 

0.9 typ 

0.09 typ 

0.5 

10 

20 



2N6295 

2N6297 

750/1 8k 

2 

0.9 typ 

0.7 typ 

2 

4 

50 

5 

40 

2N4231A 

2N6312 

25/100 



Emm 

1.5 

4 

75 


60 


2N6313 

25/100 

1.5 

0.5 typ 

0.2 typ 

1.5 

4 

75 


80 

EgEEESMi 

2N6314 

25/100 

bobh 

liHWl 


1.5 

4 

75 


225 

wmy*-vwm 



mm 

3.5 

0.5 

1 

20 

50 


275 




mum 

3.5 

0.5 

1 

20 

50 


325 




1 

3.5 


1 

20 

50 

7 

60 


2N6317 

20/100 

2.5 

1 

0.8 

rai 

4 

90 


80 

2N5428 


60/240 


■g| 


mm 


40 



2N6316 

2N6318 

20/100 




B 

■OB 

90 


100 

2N5430 


60/240 

2 

2 

0.2 

2 

30 

40 


150 


MCTlESflcl 

40 min 

1 




10 

50 


250 



12/70 

1 1.2 

2.8 

0.3 

1.2 

1 

45 


275 

2N6077 


12/70 

warn 

2.8 

0.3 

1.2 

1 

45 

8 

60 




4 

BHIffil 

BBH1 

4 

4# 

75 


80 

2N6301 



4 


HQ2QI 

4 

4# 

75 

10 

80 

2N6495 


10/60 

10 

0.1 5 typ 

0.05 typ 

10 

25 

70 


#1 h fe | @ 1 MHz 




TO-126 

CASE 77-03 
PLASTIC 

For lead mounted applications or use 
with heat sinks; power dissipation of 
15 to 40 watts at 25°C case. 


STYLE 1 

(Case 77 on Tables) : 
PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


STYLE 3 
(Case 77R on Tables) 
PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


l c Cont 

Amps 

Max 

V CEO(sus) 

Volts 

Min 

Device Type 

h FE @ >C 
Min/Max Amp 

Resistive Switching 

*T 

MHz 

Min 

P D (Case) 
Watts 

@ 25°C 

*s «f 

MS m s @ Iq 

Max Max Amp 

NPN 

PNP 

0.3 

250 

MJE3440 


40/160 

hViVyM 




15 

15 

350 




Qsg| 




15 

15 

0.5 

150 



WEEESEM 





15 

20.8 

■■QjjEm 

MJE344 


30/300 





15 

20.8 


(continued) 


2-7 

































TO-126 (continued) 








Resistive Switching 



l c Cont 

V CEO(sus) 





’s 



f T 

P D (Case) 

Amps 

Volts 

Device Type 

h FE ® 'C 

MS 

jus @ 

‘c 

MHz 

Watts 

Max 

Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 


250 

2N5655 


30/250 

0.1 

3.5 typ 

0.24 typ 

0.1 

10 

20 


300 

MJE340 

MJE350 

30/240 

0.05 





20.8 



2N5656 


30/250 

0.1 

3.5 typ 

0.24 typ 

0.1 

10 

20 


350 

2N5657 


30/250 

0.1 

3.5 typ 

0.24 typ 

0.1 

10 

20 

1 

40 

2N4921 

2N4918 

20/100 

msm 


0.3 typ 

0.5 

3 

30 


60 

2N4922 

2N4919 

20/100 

bhi 


■MM 

0.5 

3 

30 


80 

2N4923 

2N4920 

20/100 





3 

30 

1.5 

300 

MJE13002© 


5/25 

i 

4 

0.7 

1 

5 

40 


400 

MJE1 30030 


5/25 

i 

4 

0.7 

1 

5 

40 


30 



25 min 

i 





25 


40 

MJE180 

MJE170 

50/250 

0.1 

■SExna 

0.1 2 typ 

0.1 

50 

12.5 


60 




0.1 


0.12 typ 

0.1 

50 

12.5 


80 

MJE182 

MJE172 


mm 


0.12 typ 

0.1 

50 

12.5 

4 

40 

MJE3300O 

MJE3310O 

Ik min 

1 




20 




2N5190 

2N5193 

25/100 

1.5 

0.4 typ 

0.4 typ 

1.5 

2 




MJE521 

MJE371 

40 min 

1 








2N6037 

2N6034 

750/1 8k 

2 

1 7 typ 

1.2 typ 

2 

25 

40 


60 

MJE3301O 

MJE3311© 

Ik min 

1 




20# 

15 



2N5191 

2N5194 

25/100 

1.5 

0.4 typ 

0.4 typ 

1.5 

2 

40 



MJE800 

MJE700 

750 min 

1.5 




1# 

40 



2N6038 

2N6035 

750/1 8k 

2 

1 -7 typ 

1-2 typ 

2 

25 

40 


80 

MJE3302O 

MJE3312© 

1 k min 


■ ■ 

■■■ 

■■ 





2N5192 

2N5195 

25/100 


■iHpW 







2N6039 

2N6036 

750/1 8k 




WBm 




100 

MJE243 

MJE253 


0.2 

warn 


wm 

40 

15 

5 

25 

MJE200 

MJE210 

45/180 

2 

0.1 3 typ 

0.035 typ ? 

'2 

65 

15 


• Case 77R (Style 3) 


tt\ h f | @ 1 MHz 



TO -127 

CASE 90-05 
PLASTIC 

For lead mounted applications or use 
with heat sinks; power dissipation 
of 40 to 100 watts at 25°C case. 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


l c Cont 

Amps 

Max 

V CEO(sus) 

Volts 

Min 

Device Type 

hpE @ Iq 

Min/Max Amp 

Resistive Switching 

f T 

MHz 

Min 

P D (Case) 
Watts 

@ 25°C 

«s ‘f 

JUS /US @ Iq 

Max Max Amp 

NPN 

PNP 

5 

40 

2N5977 

2N5974 

20/120 

2.5 


mm 

2.5 

2 

Z5 

50 

MJE205 

MJE105 

25/100 

2 





65 

60 

2N5978 

msmam 

25/100 



llllilffll 

mam 

2 

75 

80 

2N5979 

2N5976 

20/120 

WBM 

ijjaja 

MMBI 

BM 

2 

75 

8 

60 

MJE6043 

MJE6040 

1 k/20k 

4 

mm 


worn 

4# 

75 

80 

MJE6044 

MJE6041 

1 k/20k 

4 

BLIi'/J 

ms'ii 


4# 

75 

100 

MJE6045 

MJE6042 


4 

WEIOTl 

iMm 

n 

4# 

75 

10 

60 

MJE3055 

MJE2955 

20/70 

4 




2 

90 

12 

40 



20/120 

6 

EEE7S 


6 

2 

100 

60 

2N5990 

2N5987 

20/120 

6 

EEC73I 

EB3ECT 

6 

2 

100 

80 

2N5991 

2N5988 

20/120 

6 


0.25 typ 

6 

2 

100 

15 

40 

MJE1660 

MJE1290 

20/100 

5 




3 

90 

60 

MJE1661 

MJE1291 

20/100 

5 




3 

90 


#|h fe l 


• 1 MHz 


2-8 


































































2-9 

































TO-202 (continued) 


Resistive Switching 
t* 


Device Type 


Min 

NPN PNP 

30 

D40D1 D41D1 

D40D2 D41D2 

45 

D40D4 D41D4 

D40D5 D41D5 

60 

2N6551 2N6554 

D40D7 D41D7 

D40D8 D41D8 


h FE @ *C 
Min/Max Amp 


P D (Case) 
Watts 
@ 25°C 



2-10 


















































TO-220 (continued) 








Resistive Switching 



I^Cont 

V CEO(sus) 





*» 



f T 

P D (Case) 

Amps 

Volts 

Device Type 

h F c @ U 

MS 

MS @ l r 

MHz 

Watts 

Max 

Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

4 

45 


2N6124 

25/100 

1.5 

EZXtfl 

EEma 

1.5 

HB9I 

40 


60 

2N6122 

2N6125 

25/100 

1.5 

EEX&l 

lifeina 

1.5 

2.5 

40 


80 

2N6123 

2N6126 

20/80 

1.5 

cnns 

EEE7H 

1.5 

2.5 

40 


300 



6/30 

3 

3 

0.7 

3 

4 

60 


400 



6/30 

3 

3 

0.7 

3 

4 

60 

5 

60 

TIPI 20 

TIPI 25 

Ik min 

3 



3 

4# 

65 


80 


TIP126 “ 

1 k min 

3 


■lartst 

3 

4# 

65 


100 

TIPI 22 

TIPI 27 

Ik min 

3 

■Etna 

uana 

4 

4# 

75 





jjMarjujH 


HSI 




80 







Hoi 




80 


300 









80 







mm 




80 








WM 



80 



2N6499 




HU 




80 

6 

40 

TIP41 

TIP42 

15/75 

3 

EERl 


3 

3 

65 


60 

TIP41A 

TIP42A 

15/75 

3 

lOfclW 

ttHJkKWl 

3 

3 

65 


80 


TIP42B 

15/75 

3 



3 

3 

65 


100 

TIP41C 

TIP42C 

15/75 

3 

liKma 

mum 

3 

3 

65 

7 

30 

2N6288 

2N6111 

30/150 

3 

nans 


3 

4 

40 


50 

2N6290 

2N6109 

30/150 

2.5 



3 

4 

40 


70 

2N6292 

2N6107 


3 


BM3BH 

3 

4 

40 

8 

40 

2N6386 


1 k/20k 

3 

_ 



20# 

65 


60 

2N6043 

2N6040 

Ik/lOk 

4 


ujnj 

3 





TIPI 00 

TIPI 05 

1k/20k 

3 

■■ana 

U*KHa 

3 




80 

2N6044 

2N6041 

Ik/lOk 

4 

■Etna 

uaHa 

3 


75 



TIPI 01 

TIPI 06 

1k/20k 

3 


KKETil 

3 


80 


100 

2N6045 

2NI6042 

Ik/ 10k 

3 

BEIQ3 

11303 



75 



TIP102 

TIPI 07 

1k/20k 

3 

■Ema 

nawa 



80 


120 

MJE15028 

MJE15029 

40 min 

3 

H 



■KTiWl 

50 


150 

MJE15030 

MJE15031 

40 min 

3 


■■■ 


30 

50 


300 

MJE13006 


6/30 

5 

3 

jmsm 

5 

4 

80 


400 

MJE13007 


6/30 

5 

3 

07 

5 , 

4 

80 

10 

60 

MJE2801T 

MJE2901 T 

25/100 



■j 

■H 





MJE3055T 

MJE2955T 

20/70 




■ 





2N6387 


1 k/20k 




■ 


■i 


80 

2N6388 


1 k/20k 





20# 

■j 



D44H10 

D45H10 

20 min 

H - 



■ 

50 typ 




D44H11 

D45H1 1 

40 min 

mm 



■ 

50 typ 


12 

300 

MJE13008 


6/30 

8 

3 

0.7 

8 

4 

100 


400 

MJE13009 


6/30 

8 

3 

0.7 

8 

4 

100 

15 

40 

2N6486 

2N6489 

20/150 

5 



5 

5 

75 


60 

2N6487 

■3ZBEEM 

20/150 

5 

0.6 typ 

0.3 typ 

5 

5 

75 


80 

2N6488 

2N6491 

20/150 

5 

0.6 typ 

0.3 typ 

5 

5 

75 


off 


# | h f I @ 1 MHz 


2-11 




























Motorola Power Darlingtons 

Power Darlingtons providehigh gain, high input impedance and reduced component count, with subse- 
quent space savings. Devices are listed in ascending order of maximum continuous collector current, Iq 
C ont, and open base sustaining voltage, Vq^q (sus)- 
Complementary types are grouped together. 


'c Cont V CE0(sus) 


Resistive Switching 
t# 


Device Type 


hpE @ l c 
Min/Max Amp 




Case 

JEDEC/MOT 
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Motorola Power Darlingtons (continued) 


Resistive Switching 

U 


Device Type 


J "FE « 
Min/Max 
















’ /mHz Wat,s 
Min @ 25°C 


Case 

JEDEC/MOT 
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Power Switching Transistors (continued) 








Resistive Switching 




I^Cont 

V CE0(sus) 





's 



. f T 

P q (Case) 


Amps 

Volts 

Device Type 

h„ & i. 

MS 

MS (g 

l c 

MHz 

Watts 

Case 

Max 

Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

JEDEC/MOT 

mrm 

60 

2N4877 


20/100 

4 

1.5 

0.5 

4 

30 

10 

TO-39/79 


60 


MJ8100 

25/180 

2 

1 

0.15 

2 

30 

10 

TO-39/79 


80 

mnmfm 



2 

2 

0.2 

2 

HEBHEi 

10 

TO-39/79 


100 



60/240 

2 

2 

0.2 

2 

HiEHl 

10 

TO-39/79 

■ ■ 

■ni 

2N6315 

2N6317 


EH 

1 

0.8 

wsm 

4 

90 

10-66/80 

1 HU 8 . ■ 

80 

2N5428 


60/240 

mm 


0.2 

2 

30 

60 


■ 


2N5347 

2N6187 

60/240 

Warn 

Mm 

0.2 

2 

^Kn^H 

60 

10-59/ 160 

■ ■ 


2N6316 

2N6318 

20/100 

m 


0.8 

2.5 

4 

90 

TO-66/80 


100 

2N5430 


60/240 

mm 


0.2 

1 

30 

60 

TO-66/80 



2N5349 

2N6189 

60/240 

mm 

Hi 

0.2 

Mi 

30 

60 

T0-59/160 






mm 

2 

0.35 

5 

10 

115 

T0-3/11 


80 

2N3448 


40/120 

mm 

2 

0.35 

5 

10 

115 

TO-3/11 




MJ6700 

25/180 

2 

1 

0.15 

mm 

30 

60 

T0-59/160 



2 N 5877 

2N5875 


4 

1 

0.8 

mm 

4 

150 

ro-3/n 


80 

2N5878 

2N5876 


4 

1 

0.8 

4 

4 

15 

TO-3/11 



2N5881 

2N5879 

20/100 

6 

1 

0.8 

6 

4 

160 

T0-3/11 


80 

Em 

2N588Q 

20/100 

6 

1 

Ei 

6 

4 

160 

TO-3/11 


75 



20/100 

mm 

1.5 

0.5 

mm 



TO-3/11 

H H 

mmmm 


2N5745 

15/60 


2 

1 

na 

2 

200 


■ 

90 




■3 

1.5 

0.5 

wm 

mm 

140 

TO-3/11 

HHR9H 

60 

2N5885 

2N5883 

20/100 

mm 

1 

11 

ns 

mm 

— 

10-3/11 

■ I 


2N5886 

2N5884 

IMIuhI 

10 

mmmm 


vm 

Mm 



H H 



2N6436 

20/80 

10 

HH 


in 

11 



H 

100 

2N6338 


30/120 

10 



BEB 




■ 



2N6437 

20/80 

10 

WBm 


19 




H 






i 


mm 



TO-3/11 

H 






i 


R9 



TO-3/11 


EB£Hi 




hehi 

i 

0.25 

■EH 

■dM 

200 

TO-3/11 

HI 

EQ39H 


■ ■ 



i 

0.25 

mm 

mmt 

w 

HEESflIHH 

30 

40 

2N5301 

2N4398 

15/60 

mm 

2 

1 

na 

2 

200 

TO-3/11 


60 

2N5302 

2N4399 


mm 

2 

1 

mm 

2 

HH 

TO-3/11 

50 

80 


2N6377 

30/120 

20 

0.8 





T0-3 Mod/197 


100 

2N6274 

2N6378 

30/120 

20 

0.8 

Jfffl H 

20 

30 

250 

T0-3 Mod/197 


120 

2N6275 

2N6379 

30/120 

20 

0.8 

■S’? 1 

20 

30 

250 ' ■ 

T0-3 Mod/197 


140 

2N6276 


30/120 

20 

0.8 


20 

30 

250 

T0-3 Mod/197 


150 

2N6277 


30/120 

20 

0.8 


20 

30 

250— - 

T0-3 Mod/197 


Motorola SWITCHMODE Power Transistors 

bv ceo >200V 

SWITCHMODE power transistors are useful for "off line" converters, switching regulators, deflection circuits, 
solenoid drivers, and motor control. SWITCHMODE devices, both regular transistor structures and Darlingtons 
with and without "speed-up" diodes, are completely characterized in a Designers Data Sheet format. This format 
includes switching information at 25°C and 100°C for both resistive and inductive loads, as. well as clamped in- 
ductive reverse-bias SOA. 

Other power switching devices with BVq{tq >200 V, but without the SWITCHMODE label or Designers Data 
Sheet, are included in this table. 


Devices are listed in descending order of Vq^q (susp *C Cont, ar >d VqeEx* 


V CE0 (sus) 
Volts 

Min 

Cont 

Amps 

Max 

V CEX 

Volts 

Min 

Device Type 

NPN unless 

otherwise noted 

h FE C 
Min/Max 

'c • 

Amp 

Resistive Switching 

f T 

MHz 

Min 

Case 

JEDEC/MOT 

MS 

Max 

't 

MS 6 

Max 

p 'c 

Amp 

750 

8 

1500 



5 


1 

5 

■m 

TO-3/11 


5 

HEB29H 

m 12004 

HAInllil 

4.5 


1 

■Hi 

4 typ ' 

HDSeOUHBh 


2.5 

1500 

MJ 12002 

1.11 

2 


1 

2 

4 typ 

TO-3/11 

700 

8 

1400 

MJ 10011# 

20 min 

4 


1 

, 4 


TO-3/11 

600 

15 

700 

MJ 10014## 

10/250 

10 

2.5 

0.8 

10 


TO-3/11 


Designers Data Sheet characterization ^Darlington ##Darlington with speed-up diode (continued) 
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Motorola Switchmode Power Transistors (continued) 








Resistive Switching 



V CE0 (sus) 

Iq Cont 

V CEX 

Device Type 



•s 

'f 


<T 


Volts 

Amps 

Volts 

NPN unless 

h FE @ 'C 

MS 

MS @ 

'c 

MHz 

Case 

Min 

Max 

Min 

otherwise noted 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

JEDEC/M0T 

550 

15 

650 

MJ 10013## 

10/250 

10 

2.5 

0.8 

10 


TO-3/11 

500 

50 

750 

MJ 10016## 

10 min 

40 

2.5 

1.0 

IH9 


T0-3 Mod/197 


20 

750 

MJ 10009## 

30/300 

■9 

2 



8** 




600 

MJ13335 

10/60 

wm 

4 





450 

20 

650 

MJ 10008## 

30/300 

10 

2 

0.6 

10 

8** 

T0-3/11 



550 

MJ13334 

10/60 

5 

4 

0.7 

10 


T0-3/11 

400 

50 

650 

MJ 10015## 

10 mm 

40 

2.5 

1.0 

20 


T0-3 Mod/197 


20 

500 

MJ 10001# 

40/400 

10 

3 

1.8 

10 

10** 

T0-3/11 




MJ 10005## 

40/400 

10 

1.5 

0.5 

* 10 

10** 

T0-3/11 




MJ 13333 

10/60 

5 

4 

0.7 

10 


T0-3/11 


15 

850 

2N6547 

6/30 

10 

4 

0.7 

10 

6 to 24 

T0-3/11 


12 

700 

MJE13009 

6/30 

8 

3 

0.7 

8 

4** 

T0-220/221 A 


10 

550 

M J 10012# 

100/2k 

6 

6 

15 

15 

6 

T0-3/11 


10 

500 

MJ 10003# 

30/300 

5 

2.5 

1 

5 

10** 

T0-3/11 




MJ 10007## 

30/300 

5 

1.1 

0.25 

5 

10** 

T0-3/11 


10 

450 

M J 13015 

8/20 

5 

2 

0.5 

5 


T0-3/11 


8 

850 

2N6545 

7/35 

5 

4 

1 

5 

6 

T0-3/11 



700 

MJE13007 

6/30 

5 

3 

07 

5 

4 

TO-220/221A 


5 

850 

2N6543 

7/35 

3 

4 

0.8 

3 

6 

T0-3/11 


4 

700 

MJE13005 

6/30 

3 

3 

0.7 

3 

4 

TO-220/221A 


1.5 

700 

MJE13003 

5/25 

1 

4 x 

0.7 

1 

5 

TO 126/77R 


0.5 

400 

MJ4647 - PNP 

20 mm 

0.5 

0.12* 


0.05 

40 

TO-39/79 

350 

20 

450 

MJ 10000# 

40/400 

10 

3 

18 

10 

10** 

T0-3/11 




MJ 10004## 

40/400 

10 

1.5 

0.5 

10 

10** 

T0-3/11 




MJ13332 

10/60 

5 

4 

0.7 

10 


■ T0-3/11 


15 

375 

2N6251 

6/50 

10 

3.5 

1 

10 

2.5 

T0-3/11 


10 

450 

MJ 10002# 

30/300 

5 

2.5 

1 

5 

10** 

T0-3/11 




MJ 10006## 

30/300 

5 

1.5 

0.5 

5 

10** 

T0-3/11 


10 

400 

M J 13014 

8/20 

5 

2 

0.5 

5 


T0-3/11 


8 

700 

2N6308 

12/60 

3 

1.6 

0.4 

5 

5 

T0-3/11 


5 

450 

2N6499 

10/75 

2.5 

1.8 

0.8 

2.5 

5 

TO-220/221A 


3 

375 

2N5840 

10/50 

2 

3 

1.5 

2 

5 

T0-3/11 


2 

400 

2N6213-PNP 

10/100 

1 

2.5 

0.6 

1 

4 

TO-66/80 

325 

5 

700 

MJ3030 

3.75 min 

3 


1 

3 


T0-3/11 



350 

2N6235 

25/125 

1 

3.5 

0.5 

1 

20 

T 0-66/80 

300 

15 - 

650 

2N6546 

6/30 

10 

4 


10 


T0-3/11 


12 

600 

MJE13Q08 

6/30 

8 

3 

■on 

■9 

flEHU 



8 ... 

650 

2N6544 

7/35 

5 

4 

non 

mm 





600 

2N6307 

15/75 

3 

1.6 

■ 

n 






M J E 13006 

6/30 

5 

3 

— 

H 

iinin 



5 

650 

2N6542 

7/35 

3 

4 

0.8 

3 

6 

T0-3/11 



400 

2N6498 

10/75 

‘ 2.5 

18 

0.8 

2.5 

5 

T0-220/221A 


4 

600 

MJ £13004 

6/30 

3 

3 

0.7 

3 

4 



2 , t 

500 

2N3585 

25/100 

1 

4 

3 

1 


TO-66/80 




2N6422-PNP 

25/100 

1 

4 

3 

1 





350 

2N6212-PNP 

10/100 

1 

2.5 

0.6 

1 

4 

TO-66/80 


1.5 

: 600 

MJE13002 

5/25 

1 

4 

07 

1 

5 

TO-126/77R 


1 

300 

2N5345 - PNP 

25/100 

0.5 

0.6 

naan 



TO-66/80 


0.5 

300 

MJ4646 - PNP 

20 min 

0.5 

0.72* 



40 

TO-39/79 

275 

15 

, 300 

2N6250 

8/50 

10 

35 

i 

■ 

2.5 

T0-3/11 


7 

300 

2N6077 

12/70 

1.2 

2.8 

msm 

1.2 

7 



5 

275 

2N6234 

25/125 

1 

3.5 

0.5 

1 

20 

TO-66/80 


3 

300 

2N5839 

10/50 

2 

3.75 

1.5 

2 

5 

T0-3/11 

250 

20 

350 

MJ13331 

8/40 

10 

3.5 

0.7 

m 

5/40 

T0-3/11 


8 

500 

2N6306 

15/75 

3 

1.6 

0.4 

3 

5 

T0-3/11 


7 

275 

2N6078 

12/70 


2.8 

■91 

1.2 

7 

TO-66/80 


5 

500 

MJ3029 

30 mm 

Msm 


i 



mm 



350 

2N6497 

10/75 


1.8 



5 



3 

275 

2N5838 

10/50 

2 

3 

1.5 

3 

5 

T0-3/11 ! 


2 

375 

2N3584 

25/100 

1 

mam 


1 





375 

2N6421-PNP 

25/100 

1 

■m 


1 


Ha i j 


1 

250 

2N5344-PNP 

25/100 

0.5 . 


0.1 

0.5 

60 

TO-66/80 

225 

2 

275 

2N6211 

10/100 

1 

■gtti 

0.6 

1 

20 

T 0-66/80 

200 

20 

300 

MJ13330 

8/40 

10 

3.5 

07 

10 

5/40 

T0-3/11 


15 

225 

2N6249 

10/50 

10 

3.5 

1 

10 

25 

T0-3/11 


2 

200 

2N5052 

25/100 

0.75 

35 

1 2 

0.75 

10 

TO-66/80 


0.5 

200 

MJ4645-PNP 

20 mm 

0.5 

0.72* 


0.05 

« i 

TO-39/79 


Designers Data Sheet characterization *\ **|h I (oo 1 MHz 

^Darlington off fe 

##Darlington with speed-up diode 
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Military Specified Power Transistors 

Revices listed are active per QPL-19500 (Qualified Product List) as of June 1, 1978, 
with the exception of those devices marked *** which should be active by September, 
1978. Check your local Motorola sales office or franchised distributor for current quali- 
fication status and availability of these devices or additions. 


l c Cont 

Amps 

Max 

V CE0(sus) 

Volts 

Min 

Device Type 

h F £ @ l c 
Min/Max Amp 

Resistive Switching 

f T 

MHz 

Min 

P D (Case) 

Watts 

@ 25°C 

Case 

JEDEC/M0T 

*s «f 

MS MS @ 

Max Max Amp 

NPN / # 

PNP / # 

0.5 

200 




0.05 




20 

5 

T 0-39/79 





0.03 





5 

T0-39/79 

i 





0.5 



0.5 

175 

HI 

T0-39/79 










5 











5 

T0-39/79 




40/200 

0.1 

3 typ 

0.3 typ 

0.1 

10 






2N3762J./396 

TX.TXV 

30/120 

1 

0.08 

0.035 

1 

180 

4 

TO-39/79 

60 




1 

0.08 

0.035 

1 


4 

TO-39/79 

75 

2N3735J./395 

TX.TXV 


20/80 

1 

0.03 

0.03 

1 

250 

4 

TO-39/79 

3 





n 

0.4* 


1 

60 

H 


60 

2N3507J./349 

TX.TXV 

2N3868J./350A 

TX.TXV 

30/150 

i 

0.4* 


1 

60 



I 

60 


2N3740J./441A 

TX.TXV 

30/100 

0.25 

13 typ 

0.27 typ 

0.25 

4 

25 ' 

TO-66/80 

2N3766J./518 
TX. TXV*** 


40/160 

0.5 

0.9 typ 

0.09 typ 

0.5 

10 

20 

TO-66/80 

80 


2N3741J./441A 

TX.TXV 

30/100 

0.25 

1.3 typ 

0.27 typ 

0.25 

4 

25 

TO-66/80 

2N3776J/518 

TX, TXV*** 


40/160 

0.5 

0.9 typ 

0.09 typ 

0.5 

10 

■ 20 

TO-66/80 

10 

60 

2N3715J./408B 

TX.TXV 

2N3791J./379B 

TX.TXV 

30 min 

3 

0.3 typ 

0.4 typ 

5 

4 

150 

TO-3/11 

80 

2N3716J./408B 

TX.TXV 

2N3792J./379B 

TX.TXV 

30 mm 

3 

0.3 typ 

0.4 typ 

5 

4 

150 

TO-3/11 

12 

80 

2N6058J./502 
TX. TXV 

2N6051J./501 

TX, TXV 

7 50/ 18k 

H 



H 

m 

150 

TO-3/11 

100 

2N6059J./502 
TX, TXV 

2N6052J./501 

TX, TXV*** 

7 50/ 18k 

■1 



1 

4 m 

150 

TO-3/11 

■ 






4 

0.7 

10 

6-24 

175’ 

TO-3/11 






4 






20 

80 

2N5303J./456A 

TX 

2N5745J./433 

TX.TXV 

15/60 

10 

2 

1 


I 

200 

TO-3 Mod/12 

2N6283J/504 

TX.TXV 

2N6286J/505 

TX. TXV 

750/ 18k 

10 

2.5 typ 

2.5 typ 

10 

m 

160 

T0-3 

100 

2N6284J./504 
TX, TXV*** 

2N6287J./505 
TX. TXV*** 

750/ 18k 

10 

2.5 typ 

2.5 typ 

10 

m 

160 

TO-3 Mod/12 



2N6338J/509 

TX. TXV*** 


30/120 


■ 

0.25 

10 

40 




■TliTM 




0.25 




TO-3 Mod/12 



inm 

20/80 

10 

i 


si 

m 

200 

TO-3 Mod/12 

150 

2N6341J./509 
TX, TXV*** 


30/120 

10 

i 

0.25 

10 

40 

200 

TO-3 Mod/12 


# Ml tS-19500 Detailed ## |h |@ l MHz * t « ** 2N3506 and 2N3507 are T0-39 *** Should be active by September 1978. 

Spec, shown by fe 

Device Type 
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1 























































Military Specified Power Transistors (continued) 


l c Cont 

Amps 

Max 

V CE0(sus) 

Volts 

Min 

Device Type 

NPN / # PNP / # 

hp E @ l c 
Min/Max Amp 


f T 

MHz 

Min 

P D (Case 

Watts 

@ 25°C 






15/60 

15 

H 

H 


■ 



50 

60 

2N5685J./464 

TX.TXV 

2N5683J./466 

TX.TXV 

15/60 

25 

0.5 typ 

0.3 typ 

25 

2 

300 

TO-3Mod/ 197 

80 

2N5686J./464' 

TX.TXV 

2N5684J./466 

TX.TXV 

15/60 

25 

0.5 typ 

0.3 typ 

25 

2 

300 

10-3 Mod/ 197 

100 

2N6274J ,/5 14 
TX. TXV’*’ 

2N6378J./515 

TX, TXV*** 

30/120 

20 

0.8 

0.25 

20 

30 

250 

rO-3 Mod/197 

120 


2N6379J/515 

TX, TXV*** 

30/120 

20 

o 

bo 

0.25 

20 

30 

250 

T0-3 Mod/197 

.150 

2N6277J ,/5 14 
TX, TXV*** 


30/120 

20 

0.8 

0.25 

20 

30 

250 

TO-3 Mod/197 


# MilS 19500 Detailed 
Spec, shown by 
Device Type 


Should be active by September 1978. 



Secondary Motorola Power Transistors 


(These are available from Motorola but may not be performance/cost effective for new designs) 


Device Type 

Polarity 

V CE0(sus) 

Volts 

! C 

Amps 

Max 

h FE 

Min/Max 

■c 

@Amp 

f T 

MHz 

Min 

Case 

Suggested Replacement for New Designs 

Metal 

Plastic 

Device 

Case 

Device 

Case 

2N3445 

NPN 

60 

7.5 

20/60 

3 

10 

TO-3 

2N3447 

T0-3 



2N3446 

NPN 

80 

7.5 

20/60 

3 

10 

TO-3 

2N3448 

TO-3 



2N3740A 

PNP 

60 

4 

30/100 

0.25 . 

4 

TO-66 

2N3740 

TO-66 

TIP30A 

T0-220 

2N3741A 

PNP 

80 

4 

30/100 

0.25 

4 

TO-66 

2N3741 

TO-66 

TIP30B 

TO-220 

2N4240 

NPN 

300 

2 

30/150 

1 

30 

TO-66 

2N3585 

TO-66 



2N4901 

PNP 

40 

5 

20/80 

1 

4 

TO-3 

2N6312 

TO-66 

TIP32 

TO-220 

2N4902 

PNP 

60 

5 

20/80 

1 

4 

TO-3 

2N6313 

TO-66 

TIP32A 

T0-220 

2N4903 

PNP 

80 

5 

20/80 

1 

4 

TO-3 

2N6314 

TO-66 

TIP32B 

TO-220 

2N4904 

PNP 

40 

5 

25/100 

2.5 

4 

T0-3 

2N6317 

TO-66 

2N6109 

TO-220 

2N4905 

PNP 

60 

5 

25/100 

2.5 

4 

TO-3 

2N6317 

TO-66 

2N6107 

TO-220 

2N4906 

PNP 

80 

5 

25/100 

2.5 

4 

TO-3 

2N6318 

TO-66 

TIP42B 

TO-220 

2N4913 

NPN 

40 

5 

25/100 

2.5 

4 

T0-3 

2N6315 

TO-66 

2N6290 

TO-220 

2N4914 

NPN 

60 

5 

25/100 

2.5 

4 

TO-3 

2N6315 

TO-66 

2N6292 

TO-220 

2N4915 

NPN 

80 

5 

25/100 

2.5 

4 

TO-3 

2N6316 

TO-66 

TIP41B 

TQ-220 

2N5067 

NPN 

40 

5 

20/80 

1 

4 

TO-3 

2N4231A 

TO-66 

TIP31 

TO-220 

2N5068 

NPN 

60, 

5 

20/80 

1 

4 

T0-3 

2N4232A 

TO-66 

TIP31A 

TO-220 

2N5069 

NPN 

80 

5 

20/80 

1 

4 

TO-3 

2N4233A 

TO-66 

TIP31B 

TO-220 

2N5241 

NPN 

325 

5 

15/35 

2.5 

2.5 

TO-3 

2N3902 

TO-3 

MJE13004 

TO-220 

2N5336 

NPN 

80 

5 

30/120 

2 

30 

TO-39 

2N5337 

TO-39 



2N5338 

NPN 

100 

5 

30/120 

2 

30 

TO-39 

2N5339 

TO-39 



2N5346 

NPN 

80 

7 

30/120 

2 

30 

TO-59 

2N5347 

TO-59 



2N5348 

NPN 

100 

7 

30/120 

2 

30 

TO-59 

2N5349 

TO-59 



2N5427 

NPN 

80 

7 

30/120 

2 

30 

T0-.66 

2N5428 

TO-3 



2N5429 

NPN 

100 

7 

30/120 

2 

30 

TO-66 

2N5430 

T0-3 



2N6186 

PNP 

80 

10 

30/120 

2 

30 

TO-59 

2N6187 

TO-59 



2N6188 

PNP 

100 

10 

30/120 

2 

30 

TO-59 

2N6189 

TO-59 



2N6190 

PNP 

80 

5 

30/120 

2 

30 

TO-39 

2N6191 

TO-39 



2N6192 

PNP 

100 

5 

30/120 

2 

30 

TO-39 

2N6193 

TO-39 



2N6423 

PNP' 

300 

2 

30/150 

0.75 

15 

TO-3 

2 N 642 2 

T0-3 



BU108 

NPN 

1500* 

5 

2.25 mm 

4.5 


TO-3 

BU208 

T0-3 



MJ205 

NPN 

1400* 

2.5 

2 min 

2.5 


TO-3 

BU205 

T0-3 



MJ804 

NPN 

1400* 

5 

2.2 min 

3.5 


TO-3 

MJ 12004 

T0-3 



MJ1800 

NPN 

250 

5 

40/120 

0.4 


TO-3 

MJ3029 

TO-3 



MJ2252 1 

NPN 

300 

0.5 

25/200 

0.05 


TO-39 

2N3739 

TO-39 

MJE340 

TO- 126 

MJ3040 

NPN 

300 ■ 

7 

100 min 

2.5 


TO-3 

MJ3041 

T0-3 



MJ3771 

NPN 

40 

30 

15/60 

15 

2 

TO-3 

2N3771 

T0-3 



MJ3772 

NPN ■ 

60 

20 

15/60 

10 

2 

TO-3 

2N3772 

TO-3 



MJ3773 

NPN 

/140 

16 

15/60 

8 

1 

TO-3 

2N3773 

TO-3 



MJ7160 

NPN 

'350 

8 

25/125 

3 

30 ; 

T0-3 

2N6544 

TO-3 

MJE13006 

TQ-220 

MJ7161 

NPN 

■ 400 

8 

25/125 

3 

30 

TO-3 

2N6545 

TO-3 

MJE13007 

T0-22Q 


*BVqEX (continued) 
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Secondary Motorola Power Transistors (continued) 


Device Type 

Polarity 

V CE0(sus) 

Volts 

'c 

Amps 

Max 

h FE 

Min/Max 

'c 

@Amp 

f T 

MHz 

Min 

Case 

Suggested Replacement for New Designs 

Metal 

Plastic | 

Device 

Case 

Device 

Case 

MJ9000 

NPN 

700* 

10 

3.75 min 

6 


TO-3 

MJ3030 

TO-3 



MJE31 

NPN 

40 

3 

25 min 

1 

3 

T0-126R 



TIP31 

TO-220 

MJE31A 

NPN 

60 

3 

25 min 

1 

3 

T0-126R 



TIP31A 

TO-220 

MJE31B 

NPN 

80 

3 

25 min 

1 

3 

T0-126R 



TIP31B 

TO-220 

MJE31C 

NPN 

100 

3 

25 min 

1 

3 

T0-126R 



- TIP31C 

TO-220 

MJE32 

PNP 

40 

3 

25 min 

1 

3 

TO.T26R 



TIP32 

TO-220 

MJE32A 

PNP 

60 

3 

25 min 

1 

3 

T0-126R 



TIP32A 

TO-220 

MJE32B 

PNP 

80 

3 

25 min 

1 

3 

T0-126R 



TIP32B 

TO-220 

MJE32C 

PNP 

100 

3 

25 min 

1 

3 

T0-126R 



TIP32C 

TO-220 

MJE220 

NPN 

60 

4 

40/200 

0.2 

50 

TO-126 



MJE181 

TO-126 

MJE221 

NPN 

60 

4 

40/150 

0.2 

50 

TO-126 



MJE181 

TO-126 

MJE222 

NPN 

60 

4 

25 mm 

0.2 

50 

TO-126 



MJE181 

TO-126 

MJE223 

NPN 

80 

4 

40/200 

0.2 

50 

TO-126 



MJE182 

TO-126 

MJE224 

NPN 

80 

4 

40/150 

0.2 

50 

TO-126 



MJE182 

TO-126 

MJE225 

NPN 

80 

4 

25 mm 

0.2 

50 

TO-126 



MJE182 

TO-126 

MJE230 

PNP 

60 

4 

40/200 

0.2 

50 

TO-126 



MJE171 

TO-126 

MJE231 

PNP 

, 60 

4 

40/150 

0.2 

50 

TO-126 



MJE171 

TO-126 

MJE232 

PNP 

60 

4 

25 min 

0.2 

50 

TO-126 



MJE171 

TO-126 

MJE233 

PNP 

80 

4 

40/200 

0.2 

50 

TO-126 



MJE172 

TO-126 

MJE234 

PNP 

80 

4 

40/150 

0.2 

50 

TO-126 



MJE172 

TO-126 

MJE235 

PNP 

80 

4 

25 min 

0.2 

50 

TO-126 



MJE172 

TO-126 

MJE240 

NPN 

80 

4 

40/200 

0.2 

40 

TO-126 



MJE182 

TO-126 

MJE241 

NPN 

80 

4 

40/120 

0.2 

40 

TO-126 



MJE182 

TO-126 

MJE242 

NPN 

80 

4 

25 min 

0.2 

40 

TO-126 



MJE182 

TO-126 

MJE244 

NPN 

100 

4 

25 min 

0.2 

40 

TO-126 



MJE243 

TO-126 

MJE250 

PNP 

80 

4 

40/200 

0.2 

40 

TO-126 



MJE172 

TO-126 

MJE251 

PNP 

80 

4 

40/120 

0.2 

40 

TO-126 



MJE172 

TO-126 

MJE252 

PNP 

80 

1 

25 min 

0.2 

40 

TO-126 



MJE172 

TO-126 

MJE254 

PNP 

100 

4 

25 min 

S 0.2 

40 

TO-126 



MJE253 

TO-126 

MJE371 

PNP 

40 

4 

40 min 

1 


TO-126 



2N5193 

TO-126 

MJE521 

NPN 

40 

4 

40 min 

1 


TO-126 



2N5190 

TO-126 

MJE701 

NPN 

60 

4 

750 min 

1 2 

1# 

TO-126 



2N6035 

TO-126 

MJE702 

NPN 

80 

4 

750 min 

| 1.5 

1# 

TO-126 



2N6036 

TO-126 

MJE703 

NPN 

.80 

4 

750 min 

l 2 

1# 

TO-126 



2N6036 

TO-126 

MJE710 

NPN 

40 

1.5 

20 min 

0.5 


TO-126 

2N4898 

TO-66 

2N4918 

TO-126 

MJE711 

NPN 

60 

1.5 

20 min 

0.5 


TO-126 

2N4899 

TO-66 

2N4919 

TO-126 

MJE712 

NPN 

80 

1.5 

20 min 

0.5 


TO-126 

2 N 4900 

TO-66 

2N4920 

TO-126 

MJE720 

NPN 

40 

1.5 

20 min 

0.5 


TO-126 

2N3054 

TO-66 

2N4921 

TO-126 

MJE721 

NPN 

60 

1.5 

20 min 

0.5 

- 

TO-126 

2N3054 

TO-66 

2N4922 

TO-126 

MJE722 

NPN 

80 

1.5 

20 min 

0.5 


TO-126 

2N4912 

TO-66 

2N4923 

TO-126 

MJE801 

NPN 

60 

4 

750 min 

2 

1# 

TO-126 



2N6038 

TO-126 

MJE802 

NPN 

80 

4 

750 min 

1.5 

1# 

TO-126 



2N6039 

TO-126 

MJE803 

NPN 

80 

4 

750 min 

2 

1# 

TO-126 



2N6039 

TO-126 

MJE1090 

PNP 

60 

5 

750 min 

3 

1# 

TO- 127 

2N6298 

TO-66 

MJE6040 

TO-127 

MJE1091 

PNP 

■ 60 

5 

750 min 

4 

1# 

TO-127 

2N6298 

TO-66 

MJE6040 

TO-127 

MJE1092 

PNP 

80 

5 

750 min 

3 

1# 

TO-127 

2N6299 

TO-66 

MJE6041 

TO-127 

MJE1093 

PNP 

80 

5 

750 min 

4 

1# 

TO-127 

2N6299 

TO-66 

MJE6041 

TO-127 

MJE1100 

NPN 

60 

5 

750 min 

3 

1# 

TO-127 

2N6300 

TO-66 

MJE6043 

TO-127 

MJE1101 

NPN 

60 

5 

750 min 

4 

1# 

TO-127 

2N6300 

TO-66 

MJE6043 

TO-127 

MJ El 102 

NPN 

80 

5 

750 mm 

3 

1# 

TO-127 

2N6301 

TO-66 

MJE6044 

TO-127 

MJ El 103 

NPN 

80 

5 

750 min 

4 

1# 

TO-127 

2N6301 

TO-66 

MJE6044 

TO-127 

MJE2801 

NPN 

60 

10 

25/100 

3 


TO-127 

2N3055 

TO-3 

MJE3055 

•TO-127 

MJE2901 

PNP 

60 

10 

25/100 

3 


TO-127 

MJ2955 

TO-3 

MJE2955 

TO-127 

SE9300 

NPN 

60 

10 

100 min 

7.5 

1# 

T0-220 



2N6043 

TO-220 

SE9301 

NPN 

80 

10 

100 mm 

7.5 

1# 

T0-220 



2 N 6044 

TO-220 

SE9302 

NPN 

100 

10 

100 min 

7.5 

1# 

TO-220 



2N6045 

TO-220 

SE9400 

PNP 

60 

10 

100 min 

7.5 

1# 

T0-220 



2N6040 

TO-220 

SE9401 

PNP 

80 

10 

100 mm 

7.5 

1# 

T0-220 



2N6041 

TO-220 

SE9402 

PNP 

100 

10 

100 mm 

- 7 - 5 _ ] 

1# | 

TO-220 



2N6042 

TO-220 


#|h fe |@ 1 MHz 
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POWER TRANSISTOR 
CROSS REFERENCE 

Devices are not shown in the following list if the Motorola number is identical. Refer to Chapter 1 , 
the Alphanumeric Index, for the location of specifications. 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

2N1483 


TIP41 

2N3863 

2N3715 


2N5084 

2N5347 


2N1484 


TIP41A 

2N3864 

2N5632 


2N5085 

2N5347 


2N1485 


TIP41 

2N3865 

2N5634 


2N5147 

2N6190 


2N1486 


TIP41A 

2N3878 

2N5427 


2N5148 

2N5336 


2N1487 

, 2N5877 


2N3879 

2N5429 


2N5149 

2N6190 


2N1488 

2N5878 


2N3996 


2N5347 

2N5150 

2N5336 


2N1489 

2N5877 


2N3997 


2N5347 

2N5151 

2N6190 


2N1490 

2N5878 


2N4000 

2N5336 


2N5152 

2N5336 


2N2987 

2N5681 


2N4001 

2N5339 


2N5153 

2N6191 


2N2988 

2N5681 


2N4002 

2N6274 


2N5154 

2N5337 


2N2989 

2N5681 


2N4003 

2N6274 


2N5157 


2N6545 

2N2990 

2N5681 


2N4063 


MJE3439 

2N5202 

2N5427 


2N3016 

2N5337 


2N4064 


MJE3440 

2N5239 

2N6306 


2N3021 

2N3789 


2N4070 

2N6306 


2N5240 

2N6544 


2N3022 

2N3789 


2N4071 

2N6306 


2N5264 

2N6249 


2N3023 

2N3789 


2N4111 

2N3715 


2N5284 

2N5346 


2N3024 

2N3791 


2N4113 

2N3716 


2N5285 

2N5347 


2N3025 

2N3791 


2N4115 


2N5347 

2N5286 

2N6188 


2N3026 

2N3791 


2N4116 


2N5347 

2N5287 

2N6189 


2N3055H 

2N3055A 


2N4231 

2N4231A 


2N5293 

2N6123 


2N3055SD 

2N3055A 


2N4232 

2N4232A 


2N5294 

2N6123 


2N3055UB 

2N3055A 


2N4233 

2N4233A 


2N5295 

2N6121 


2N3076 


2N6249 

2N4296 

2N3738 


2N5296 

2N6121 


2N3079 


2N5838 

2N4297 

2N3738 


2N5297 

2N6122 


2N3080 


2N6542 

2N4298 

2N6235 


2N5298 

2N6122 


2N3171 

2N3789 


2N4299 

2N6235 


2N5326 


2N5347 

2N3172 

2N3789 


2N4300 

2N5336 


2N5333 

2N6303 


2N3173 

2N3790 


2N4301 

2N5337 


2N5334 

2N4877 


2N3174 

2N6226 


2N4305 

2N5337 


2N5335 

2N5336 


2N3183 

2N3789 


2N4307 

2N5337 


2N5384 


2N6187 

2N3184 

2N3789 


2N4309 

2N5339 


2N5404 

2N6190 


2N3185 

2N3790 


2N4311 

2N5337 


2N5405 

2N6192 


2N3186 

2N6226 


2N4314 

2N3868 


2N5406 

2N6191 


2N3195 

2N3789 


2N4347 

2N5759 


2N5407 

2N6193 


2N3196 

2N3789 


2N4348 

2N5630 


2N5408 


2N6187 

2N3197 

2N3790 


2N4387 

2N4898 


2N5409 


2N6188 

2N3202 

2N3719 


2N4388 

2N4898 


2N5410 


2N6187 

2N3198 

2N6226 


2N4907 

2N3791 


2N5411 


2N6189 

2N3203 

2N3720 


2N4908 

2N3791 


2N5466 

2N6545 


2N3204 

2N6303 


2N4909 

2N3792 


2N5467 

2N6545 


2N3232 

2N5877 


2N4910 

2N3054 


2N5477 


2N5347 

2N3233 

2N5632 


2N4911 

2N3054 


2N5478 


2N5347 

2N3234 

2N5760 


2N4998 

2N5347 


2N5479 


2N5349 

2M3235 

2N3055 


2N4999 

2N6187 


2N5480 


2N5349 

2N3236 

2N5632 


2N5000 

2N5347 


2N5490 

2N6290 


2N3237 

2N5302 


2N5001 

2N6187 


2N5491 

2N6290 


2N3238 

2N5882 


2N5002 

2N5347 


2N5492 

2N6292 


2N3239 

2N5882 


2N5003 

2N6187 


2N5493 

2N6292 


2N3240 

2N5882 


2N5004 

2 N 5347 


2N5494 

2N6290 


2N3418 

2N4877 


2N5005 

2N6187 


2N5495 

2N6290 


2N3419 

2N5336 


2N5034 


2N3055 

2N5496 

2N6292 


2N3420 

2N4877 


2N5035 


2N3055 

2N5497 

2N6292 


2N3421 

2N5336 


2N5036 


2N3055 

2N5508 

2N5428 


2N3660 

2N4234 


2N5037 


2N3055 

2N5539 


2N6379 

2N3661 

2N4235 


2N5038 

2N6338 


2N5559 

2N5633 


2N3667 

2N5881 


2 N 5039 

2N6338 


2N5575 

2N5685 


2N3788 

MJ3030 


2N5083 

2N5347 


2N5578 

2N5685 
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POWER TRANSISTOR CROSS REFERENCE (continued) 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

2N5598 

2N5428 


2N6079 

2N6235 


2N6382 

2N6379 


2N5600 

2N5427 


2N6098 

2N6487 


2N6406 

MJE171 


2N5602 

2N5428 


2N6099 

2N6487 


2N6407 

MJE172 


2 N 5604 

2N5429 


2N6100 

2N6488 


2N6408 

- MJE181 


2N5606 

2N5428 


2N6101 

2N6488 


2N6409 

MJE182 


2N5610 

2N5428 


2N6102 

2N6486 


2N6410 

MJE200 


2N5612 

2N5430 


2N6103 

2N6486 


2N6411 

MJE210 


2N5614 

2N3448 


2N6106 

2N6107 


2N6412 

MJE180 


2N5616 

2N3448 


2N6108 

2N6109 


2N6413 

MJE181 


2N5618 

2N3448 


2N6110 

2N6111 


2N6414 

MJE170 


2N5651 

2N6235 


2N6129 

2N6290 


2N6415 

MJE171 


2N5660 

• 2N6233 


2N6130 

2N6292 


2N6416 

MJE241 


2N5664 

2N6233 


2N6131 

TIP31B 


2N6417 

MJE243 


2N5665 

2N6235 


2N6132 

2N6109 


2N6418 

MJE251 


2N5671 

2N6338 


2N6133 

2N6107 


2N6419 

MJE253 


2N5672 

2N6339 


2N6134 

TIP32B 


2N6465 


TIP41C 

2N5678 


2N6381 

2N6175 


2N5656 

2N6467 

, 2N6420 


2N5729 

2N5336 


2N6176 


2N5656 

2N6468 

2N6420 


2N5730 

2N5347 


2N6177 


2N5657 

2N6469 

2N5879 


2N5733 


2N6274 

2N6178 


MJE182 

2N6470 

2N5881 


2N5734- 

2N6338 


2N6179 


MJE181 

2N6471 

2N5881 


2N5737 

2N5878 


2N6180 


MJE172 

2N6472 

2N5882 


2N5738 

2N6229 


2N6181 


MJE171 

2N6473 

TIP31C 


2N5739 

2N5878 


2N6242 


MJ 1301 5 

2N6475 

TIP32C 


2N5740 ■ 

2N6229 


2N6243 


MJ 13334 

2N6492 

2N6055 


2N5741 

2N5883 


2N6244 


MJ 13333 

2N6493 

2N6056 


2N5742 

2N6029 


2N6245 


MJ13334 

2N6494 

2N6056 


2N5743 

2N5883 


2N6246 

2N5879 


2N6496 

2N6339 


2N5744 

MJ4502 

• 

2N6247 

2N5880 


2N6500 

2N5429 


2N5804 

2N6306 


2N6253 

2N5877 


2N6510 

2N6306 


2N5805 

2N6542 


2N6253 


2N3055H 

2N6511 

2N6306 


2N5867 

2N3789 


2N6254 

2N5878 


2N6512 

2N6544 


2N5868 

2N3790 


2N6258 

2N5686 


2N6513 

2N6545 


2N5869 

2N3713 


2N6259 

2N5631 


2N6514 

2N6544 


2N5870 

2N3714 


2N6260 

2N4231A 


2N6530 

TIP101 


2N5871 

2N3789 


2N6261 

2N4233A 


2N6531 

TIP 102 


2N5872 

• 2N3790 


2N6262 

2N5760 


2N6532 

TIP 103 


2N5873 

2N3713 


2N6263 

2N5050 


2N6534 

2N6577 


2N5874 

2N3714 


2N6264 

2N5051 


2N6535 

2N6578 


2N5929 

, 2N6338 


2N6270 

2N6338 


2N6536 

2N6578 


2N5930 

2N6338 


2N6271 

2N6338 


2N6537 

2N6578 


2N5931 

2N6341 


2N6278 


2N6274 

2N6573 

2N6546 


2N5932 

2N6338 


2N6279 


2N6275 

2N6574 

2N6546 


2N5933 

2N6338 


2N6280 


2N6276 

2N6575 

2N6547 


2N5935 

2N6341 


2N6281 


2N6277 

2N6579 


MJ 13014 

2N5936 

2N6338 


2N6289 

2N6288 


2N6580 


MJ 13015 

2N5937 

2N6341 


2N6291 

2N6290 


2N6581 


MJ13334 

2 N 5954 

2N6318 


2N6293 

2N6292 


2N6582 

2N6308 


2N5955 

2N6317 


2 N 6302 

. 2N5630 


2N6583 

2N6545 


2N5956 

2N6317 


2N6326 

2N5302 


2N6584 


MJ13334 

2N5970 

2N5882 


2N6327 

2N5886 


2N6648 

MJ2500 


2N5971 

2N5882 


2N6328 


2N6338 

2N6649 

MJ2500 


2N5972 

MJ15003 


2N6329 

2N4399 


2N6650 

MJ2501 


2N5980 

2N6489 


2N6330 

2N5884 


2N6653 


MJ13332 

2N5981 

MJE2955 


2N6331 


2N6436 

2N6654 


MJ 13332 

2N5982 


2N6491 

2N6355 

2N6057 


2N6655 


MJ13333 

2N5983 

MJE3055 


2N6356 

2N6057 


2N6671 


2N6544 

2N5984 

MJE3055 


2N6357 

2N6058 


2N6672 


2N6545 

2N5985 


2N6488 

2N6358 

2N6058 


2N6673 


2N6545 

2N6021 

2N6126 


2N6359 

2N5885 


2N6674 


MJ 13014 

2N6022 

2N6126 


2N6360 

2N5629 


2N6675 


MJ13015 

2N6023 

2N6124 


2N6371 

2N6569 


2N6676 


MJ 13332 

2N6024 

2N6124 


2N6372 

2N6316 


2N6677 


MJ13332 

2N6025 

2N6125 


2N6373 

2N6315 


2N6678 


MJ 13333 

2N6026 

2N6125 


2N6374 

2N6315 


2SC1306 


MJE1909 

2N6032 

2N6275 


2N6380 

2N6377 


2SC1678 


MJE1909 

2N6033 

2N6277 


2N6381 

2N6378 


2SC1816 


MJE1909 


DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL, 
REFER TO CHAPTER 1 


3-4 


POWER TRANSISTOR CROSS REFERENCE (continued) 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

2SC1909 

MJE1909 


D45C8 


MJE171 

DTS4075 


MJ 10004 

2SC2078 


MJE1909 

D45C9 


• MJE171 

FT47 

TIP47 


2SC2092 


MJE1909 

D45C10 


MJE172 

FT48 

TIP48 


2SC2166 


MJE1909 

D45C11 


MJE172 

FT49 

TIP49 


BU105 

BU205 


D45C12 


MJE172 

FT50 

TIP50 


BU126 


MJ3030 

D45E1 


TIP125 

FT317 

MJE15028 


BUX80 


2N6547 

D45E2 


TIP125 

FT317A 

MJE15028 


BUX81 


MJ 13335 

D45E3 


TIP126 

FT317B 

MJE15030 


BUX82 


2N6545 

D45H1 

D45H10 


FT359 

MJ 10012 


BUX83 


2N6545 

D45H2 

D45H11 


FT401 

MJ411 


BUX84 

MJE13005 


D45H4 

D45H10 


FT402 

MJ413 


BUX85 


MJE13005 

D45H5 

D45H11 


FT410 

MJ410 


BUX86 

MJE13003 


D45H7 

D45H10 


FT411 

MJ41V 


BUX87 


MJE13003 

D45H8 

D45H11 


FT413 

MJ413 


D40D3 

D40D2 


D45H9 

D45H11 


FT417 

MJE15029 


D42C1 


MDS26 

D45H12 

D45H11 


FT417A 

MJE15029 


D42C2 


MDS26 

D56W1 

BU208 


FT417B 

MJE15031 


D42C3 


MDS26 

D56W2 

BU208 


FT423 

MJ423 


D42C4 


MDS27 

D56W3 

BU207 


FT423 


MJ423 

D42C5 


MDS27 

D56W4 

BU207 


FT430 

2N6307 


D42C6 


MDS27 

DTS310 

2N6306 


FT431 

MJ431 


D42C7 


MDS27 

DTS311 

2N6306 


FT2955 

MJE2955T 


D42C8 


MDS27 

DTS401 

2N3902 


FT3055 

MJE3055T 


D42C9 


MDS27 

DTS402 

2N3902 


GE5060 

MJ 10000 


D43C1 


MDS76 

DTS403 

2N6308 


GE5061 

MJ 10000 


D43C2 


MDS76 

DTS409 

2N6308 


GE5062 

MJ10001 


D43C3 


MDS76 

DTS410 

MJ410 


GE6060 

MJ 10004 


D43C4 


MDS77 

DTS411 

MJ411 


GE6061 

MJ10004 


D43C5 


MDS77 

DTS413 

MJ413 


GE6062 

MJ10005 


D43C6 


MDS77 

DTS423 

MJ423 


IR401 

2N3902 


D43C7 


MDS77 

DTS424 

2N6308' 


IR402 

2N3902 


D43C8 


MDS77 

DTS425 

2N6545 


IR403 

2N6308 


D43C9 


MDS77 

DTS430 

2N6307 


IR409 

2N6308 


D44C1 


MJE180 

DTS431 

MJ431 


IR410 

MJ410 


D44C2 


MJE180 

DTS515 

2 N 6306 


IR411 

MJ411 


D44C3 


MJE180 

DTS516 

2N6306 


IR413 

MJ413 


D44C4 


MJE181 

DTS517 

2N6306 


IR423 

MJ423 


D44C5 


MJE181 

DTS518 

2N6307 


IR424 

2N6308 . 


D44C6 


MJE181 

DTS519 

2N6308 


IR425 

2N6545 


D44C7 


MJE181 

DTS660 

2N6233 


IR430 

2N6307 


D44C8 


MJE181 

DTS663 

2N6235 


IR431 

MJ431 


D44C9 


MJE181 

DTS665 

2N6235 


IR515 

2N6250 


D44C10 


MJE182 

DTS701 

BU204 


IR516 

2N6250 


D44C11 


MJE182 

DTS702 

BU205 


IR517 

2N6251 


D44C12 


MJE182 

DTS712 

BU207 


IR518 

2N6546 


D44E1 


2N6386 

DTS714 

BU208 


IR519 

2N6547 


D44E2 - 


2N6387 

DTS801 

BU205 


IR640 

MJ3000 


D44E3 


2N6388 

DTS802 

BU207 


IR641 

MJ3001 


D44H1 

D44H10 


DTS804 

BU208 


IR642 

2N6578 


D44H2 

D44H11 


DTS812 

BU207 


IR645 

MJ2500 


D44H4 

D44H10 


DTS814 

BU208 


IR646 

MJ2501 


D44H5 

D44H11 


DTS1010 

2N6056 


IR647 

2N6052 


D44H7 

D44H10 


DTS1020 

MJ3001 


IR660 

MJ410 


D44H8 

D44H11 


DTS4010 

MJ3041 


IR663 

MJ423 


D44R1 


2N3584 

DTS4025 

MJ3041 


IR665 

2N5157 


D44R2 


2N3584 

DTS4026 

MJ 10012 


IR701 

BU204 


D44R3 


2N3585 

DTS4039 

M J 10000 


IR801 

BU205 


D44R4 


2N3585 

DTS4040 

MJ 10000 


IR802 

MJ802 


D44R5 


2N3584 

DTS4041 

MJ 10000 


IR900 

MJ900 


D44R6 


2N3585 

DTS4045 

MJ 10000 


IR901 

MJ901 


D45C1 


MJE170 

DTS4059 

MJ 10000 


IR1000 

MJ1000 


D45C2 


MJE-170 

DTS4060 

MJ 10001 


IR1001 

MJ1001 


D45C3 


MJE170 

DTS4061 

MJ 10000 


IR1010 

2N6056 


D45C4 


MJE171 

DTS4065 

MJ10001 


IR1020 

MJ3001 


D45C5 


MJE171 

DTS4066 


MJ 10000 

IR2500 

MJ2500 


D45C6 


MJE171 

DTS4067 


MJ 10000 

IR2501 

MJ2501 


D45C7 


MJE171 

DTS4074 


MJ10004 

IR3000 

MJ3000 



DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL. 
REFER TO CHAPTER 1 


3-5 


POWER TRANSISTOR CROSS REFERENCE (continued) 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

Iirtuniis 

MJ3001 


MJ2249 

2N3766 


MJE29A 



IR3771 

MJ3771 


MJ2250 

2N3767 


MJE29B 


TIP29B 

IR3772 

MJ3772 


MJ2251 

2N3738 


MJE29C 


TIP29C 

IR3773 

MJ3773 


MJ2252 

2N3739 


MJE30 


TIP30 

IR4039 - 

MJ 10000 


MJ2253 

2N3740 


MJE30A 


TIP30A 

IR4040 

MJ 10000 


MJ2254 

2N3741 


MJE30B , 


TIP30B 

IR4041 

MJ 10000 


MJ2267 

2N6594 


MJE30C 


TIP30C 

IR4045 

MJ 10000 


MJ2268 

MJ2955 


MJE33 

TIP41 


IR4050 

MJ 10000 


MJ2801 

2N6569 


MJE33A 

TIP41A 


IR4055 

MJ 10000 


MJ2802 

2N5881 


MJE33B 

TIP41B 


IR4059 

MJ 10000 


MJ2840 

2N5877 


MJE33C 

TIP41C 


IR4060 

MJ10001 


MJ2841 

2N5878 


MJE34 

TIP42 


IR4061 

MJ 10000 


MJ2901 

2N6594 


MJE34A 

-TIP42A 


IR4065 

MJ 10001 


MJ2940 

2N5875 


MJE34B 

TIP42B 


IR4502 

MJ4502 


MJ2941 

2N5876 


MJE34C 

TIP42C 


IR5000 

MJ 10000 


MJ3010 

2N6542 


MJE41 

TIP41 


IR5001 

MJ 10000 


MJ3011 

2N6542 


MJE41A 

TIP41A 


IR5002 

MJ 10001 


MJ3012 

2N6542 


MJE41B 

TIP41B 


IR5060 

MJ 10000 


MJ3026 

MJ3029 


MJE41C 

TIP41C 


IR5061 

MJ 10000 


MJ3027 

MJ3029 


MJE42 

TIP42 


IR5062 

MJ10001 


MJ3028 

MJ3029 


MJE42A 

TIP42A 


IR5252 

MJ 10003 


MJ3055 

2N3055 


MJE42B 

TIP42B 


IR5261 

MJ 10002 


MJ3101 

2N3766 


MJE42C 

TIP42C 


IR6000 

MJ 10004 


MJ3201 

2N3738 


MJE47 

TIP47 


IR6001 

MJ10004 


MJ3202 

2N3739 


MJE48 

TIP48 


IR6002 

MJ 10005 


MJ3260 

2N5838 


MJE49 

TIP49 


IR6060 

MJ10004 


MJ3430 

2N6307 


MJE51 

MJE51T 


IR6061 

MJ 10004 


MJ3480 

BU208 


MJE52 

MJE52T 


IR6062 

MJ 10005 


MJ3520 

MJ3000 


MJE53 

MJE53T 


IR6251 

MJ 10006 


MJ3521 

MJ3001 


MJE101 

2N5974 


IR6252 

MJ10007 


MJ3583 

2N6420 


MJE102 

2N5975 


IR6302 

2N5630 


MJ3584 

2N6421 


MJE103 

2N5976 


KDT410 

MJ410 


MJ3585 

2N6422 


MJE104 

2N5976 


KDT411 

MJ411 


MJ3701 

2N4898 


MJE105K 

TIP42A 


KDT413 

MJ413 


MJ3702 

2N4898 


MJE201 

2N5977 


KDT423 

MJ423 


MJ3703 

2N4899 


MJE202 

2N5978 


KDT430 

2N6307 


MJ3704 

2N4900 


MJE203 

2N5978 


KDT431 

MJ431 


MJ3738 

2N6424 


MJE204 

2N5979 


KDT515 

2N6306 


MJ3739 

2N6425 


MJE205K 

TIP41A 


KDT516 

2N6306 

- 

MJ3760 

MJ3030 


MJE340K 

TIP48 


KDT517 

2N6306 


MJ3761 

MJ9000 


MJE341K 

TIP47 


KDT518 

2N6307 


MJ3801 

MJ3001 


MJE344K 

TIP47 


KDT519 

2N6308 


MJ3802 

MJ3001 


MJE345 

MJE3439 


KP3946 

2N6274 


MJ4000 

2N6055 


MJE370K 

TIP32 


KP3948 

2N6274 


MJ4001 

2N6056 


MJE371K 

TIP32 


MJ105 

MJ205 


MJ4010 

2N6053 


MJE482 

2N5190 


MJ400 

2N3739 


MJ4011 

2N6054 


MJE483 

2N5191 


MJ420 

MM420 


MJ4200 


(2)2N6294 

MJE484 

2N5192 


MJ421 

MM421 


MJ4201 


(2)2N6295 

MJE492 

2N5193 


MJ424 

2N6308 


MJ4210 


(2)2N6296 

MJE493 

2N5194 


MJ425 

2N6545 


MJ4211 


(2)2N6297 

MJE494 

2N5195 


MJ430 


2N4234 

MJ4240 

2N6423 


MJE520K 

TIP31 


MJ440 


2N4237 

MJ4648 

MJ4647 


MJE521K 

TIP31 


MJ450 

2N4398 


MJ5038 

2N5038 


MJE2010 

TIP42 


MJ480 

2N3713 


MJ5039 

2N5039 


MJE2011 

TIP42A 


MJ481 

2N3713 


MJ5415 

MM5415 


MJE2020 

TIP41 


MJ490 

2N3789 


MJ5416 

MM5416 


MJE2021 

TIP41A 


MJ491 

2N3789 


MJ6257 

2N6257 


MJE2050 

MJE200 


MJ701 

MJ12002 


MJ6302 

2N5630 


MJE2055 

MJE3055 


MJ702 

MJ 12002 


MJ6701 

2N6186 


MJE2090 

TIP125 


MJ704 

MJ12002 


MJ7000 


2N6338 

MJE2091 

TIP125 


MJ721 

MJ 12002 


MJ7260 


2N6546 

MJE2092 

TIP126 


MJ723 

MJ 12002 


MJ7261 


2N6547 

MJE2093 

TIP126 


MJ920 


(2)2N6298 

MJ8020 

MJ12004 


MJE2100 

TIP 120 


MJ921 


(2)2N6299 

MJ8101 

2N6190 


MJE2101 

TIP120 


MJ1200 


(2)2N6300 

MJ13010 

2N6547 


MJE2102 

TIP121 


MJ1201 


(2)2N6301 

MJE29 


TIP29 

MJE2103 

TIP121 



DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL, 
REFER TO CHAPTER 1. 



POWER TRANSISTOR CROSS REFERENCE (continued) 


PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA MOTOROLA 

DIRECT SIMILAR 

REPLACEMENT REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MJE2150 

MJE210 


NSD132 

2N6557 

NSP2092 

TIP126 


MJE2160 

TIP48 


NSD133 

2N6558 

NSP2093 

TIP126 


MJE2360 

MJE2360T 


NSD134 

2N6558 

NSP2100 

TIP120 


MJE2361 

MJE2361T 


NSD135 

2N6559 

NSP2101 

TIP120 


MJE2370 

TIP32 


NSD151 

2N6549 

NSP2102 

TIP121 


MJE2371 

TIP32A 


NSD152 

2N6548 

NSP2103 

TIP121 


MJE2480 

TIP31 


NSD202 

MDS73 

NSP2370 

TIP32 


MJE2481 

TIP31A 


NSD203 

MDS73 

NSP2480 

TIP31 


MJE2482 

TIP41 


NSD204 

2N6555 

NSP2481 

TIP31A 


MJE2483 

TIP41A 


NSD205 

2N6555 

NSP2490 

TIP32 


MJE2490 

TIP32 


NSD206 

2N6556 

NSP2491 

TIP32A 


MJE2491 

TIP32A 


NSD457 

2N6591 

NSP2520 

TIP31 


MJE2520 

TIP31 


NSD458 

2N6593 

NSP2955 

MJE2955T 


MJE£8Q1K 

MJE2801T 


NSD459 

2N6558 

NSP3054 

TIP31A 


MJE2901K 

MJE2901T 


NSP41 

TIP41 

NSP3055 

MJE3055T 


MJE2955K 

MJE2955T 


NSP41A 

TIP41A 

NSP4918 

TIP30 


MJE3055K 

MJE3055T 


NSP41B 

TIP41B 

NSP4919 

TIP30A 


MJE3370 


MJE370 

NSP41C 

TIP41C 

NSP4920 

TIP30B 


MJE3371 


2N5193 

NSP42 

TIP42 

NSP4921 

TIP29 


MJE3520- 


MJE520 

NSP42A 

TIP42A 

NSP4922 

TIP29A 


MJE3521 


2N5190 

NSP42B 

TIP42B 

NSP4923 

TIP29B 


MJE3738 

TIP47 


NSP42C 

TIP42C 

NSP5190 

2N6121 


MJE3739 

TIP48 


NSP105 

TIP42A 

NSP5191 

2N6122 


MJE4918 

TIP30 


NSP205 

TIP41A 

NSP5192 

2N6123 


MJE4919 

TIP30A 


NSP370 

TIP32 

NSP5193 

2N6124 


MJE4920 

TIP30B 


NSP371 

TIP32 

NSP5194 

2N6125 


MJE4921 

TIP29 


NSP520 

TIP31 

NSP5195 

2N6126 


MJE4922 

TIP29A 


' NSP521 

TIP31 

NSP5974 

TIP42 


MJE4923 

TIP29B 


NSP575 

TIP29A 

NSP5975 

TIP42A 


MJE5190 

2N6121 


NSP576 

TIP30A 

NSP5976 

TIP42B 


MJE5191 

2N6122 


NSP577 

TIP29A 

NSP5977 

TIP41 


MJE5192 

2N6123 


NSP578 

TIP30A 

NSP5978 

TIP41A 


MJE5193 

2N6124 


NSP579 

TIP29B 

NSP5979 

TIP41B 


MJE5194 

2N6125 


NSP580 

TIP30B 

NSP5980 

2N6489 


MJE5195 

2N6126 


NSP581 

TIP29C 

NSP5981 

2N6490 


MJE5655 

TIP47 


NSP582 

TIP30C 

NSP5982 

2N6491 


MJE5656 

TIP48 


NSP585 

TIP29A 

NSP5983 

2N6486 


MJE5657 

TIP49 


NSP586 

TIP30A 

NSP5984 

2N6487 


MJE5960 

2N6489 


NSP587 

TIP29A 

NSP5985 

2N6488 


MJE5974 

TIP42 


NSP588 

TIP30A 

PM26K380 


MJ13015 

MJE5975 

TIP42A 


NSP589 

TIP29B 

PM27K380 


2N6543 

MJE5976 

TIP42B 


NSP590 

TIP30B 

PMD10K-40 

2N6057 


MJE5977 

TIP41 


NSP595 

TIP31A 

PMD10K-60 

2N6057 


MJE5978 

TIP41A 


NSP596 

TIP32A 

PMD10K-80 

2N6058 


MJE5979 

TIP41B 


NSP597 

TIP31A 

PMD10K-100 

2N6059 


MJE5981 

2N6490 


NSP598 

TIP32A 

PMD1 IK-40 

2N6050 


MJE5982 

2N6491 


NSP599 

TIP31B 

PMD1 IK-60 

2N6050 


MJE5983 

2N6486 


NSP600 

TIP32B 

PMD1 IK-80 

2N6051 


MJE5984 

2N6487 


NSP695 

TIP120 

PMD1 IK-100 

2N6052 


MJE5985 

2N6488 


NSP695A 

TIP100 

PMD12K-40 

MJ1000 


MPC9Q0 


MC1563 AND 

NSP696 

TIP125 

PMD12K-60 

MJ1000 




2N6050 

NSP696A 

TIP105 

PMD12K-80 

MJ1001 


MPC1000 


MC1726 AND 1 

NSP697 

TIP120 

PMD12K-100 

2N6059 




2N6077 

NSP697A 

TIP100 

PMD13K-40 

MJ900 


MPSU11 

MPSU10 


NSP698 

TIP125 

PMD13K-60 

MJ900 


MPSU12 

MPSU45 


NSP698A 

TIP105 

PMD13K-80 

MJ901 


MPSU47 

MPSU31 


NSP699 

TIP121 

PMD13K-100 

2N6052 


NSD102 

MDS23 


NSP699A 

TIP101 

PMD16K-40 

2N6282 


NSD103 

MOS23 


NSP700 

TIP126 

PMD16K-60 

2N6282 


NSD104 

2N6552 


NSP700A 

T1P106 

PMD16K-80 

2N6283 


NSD105 

2N6552 


NSP701 

TIP122 

PMD16K-100 

2N6284 


NSD106 

2N6553 


NSP702 

TIP 127 

PMD17K-40 

2N6285 


NSD123 

2N6591 


NSP2010 

TIP42 

PMD17K-60 

2N6285 


NSD127 

2N6591 


NSP2011 

TIP42A 

PMD17K-80 

2N6286 


NSD128 

2N6592 


NSP2021 

TIP41A 

PMD17K-100 

2N6287 


NSD129 

2N6593 


NSP2090 

TIP125 

PMD20K-120 

2N6578 


NSD130 

2N6557 


NSP2091 

TIP 125 

PMD25K-120 

2N6578 



DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL. 
REFER TO CHAPTER 1 


3-7 


POWER TRANSISTOR CROSS REFERENCE (continued) 


PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA MOTOROLA 

DIRECT SIMILAR 

REPLACEMENT REPLACEMENT 

PMD1600K 

2N6282 


RCA8766D 


MJ10003 

SDM6001 

MJ10012 

PMD1601K 

2N6282 


RCA8766E 


MJ 10003 

SDM6002 

MJ10012 

PMD1602K 

2N6283 


RCA8767 


2N6546 

SDM6003 

MJ 10012 

PMD1603K 

2N6284 


RCA8767A 


2N6547 

SDM20301 

MJ4033 

PMD1700K 

2N6285 


RCA8767B 


2N6547 

SDM20302 

MJ4033 

PMD1701K 

2N6285 


RCA9113 


2N6546 

SDM20303 

MJ4034 

PMD1702K 

2N6286 


RCA9113A A 


2N6547 

SDM20304 

MJ4035 

PMD1703K 

2N6287 


RCA9113B 


2N6547 

SDM20311 

MJ4033 

RCA1B01 

2N5878 


RCP111A 

2N6557 


SDM20312 

MJ4033 

RCA1C03 

TIP31C 


RCP111B 

2N6557 


SDM20313 

MJ4034 

RCA1C04 

TIP32C 


RCP111C 

2N6558 


SDM20314 

MJ4035 

RCA1C05 

2N6315 


RCP111D 

2N6559 


SDM20321 

MJ4033 

RCA1C06 

2N6317 


RCP113A 

2N6557 


SDM20322 

MJ4033 

RCA1C07 


2N6488 

RCP113B 

2N6557 


SDM20323 

MJ4034 

RCA1C08 


2N6491 

RCP113C 

2N6558 


SDM20324 

MJ4035 

RCA1C09 


2N6488 

RCP113D 

2N6559 


SDM21301 

MJ4030 

RCA1C10 

TIP41 


RCP115 

2N6591 


SDM21302 

MJ4030 

RCA1C11 

TIP42 


RCP115B 

2N6557 


SDM21303 

MJ4031 

RCA1C14 

2N6315 


RCP117 

2N6591 


SDM21304 

MJ4032 

RCA29 

TIP29 


RCP117B 

2N6557 


SDM21311 

MJ4030 

RCA29A 

TIP29A 


RCP700A 

2N6554 


SDM21312 

MJ4030 

RCA29B 

TIP29B 


RCP700B 

2N6554 


SDM21313 

MJ4031 

RCA29C 

TIP29C 


RCP700C 

2N6555 


SDM21314 

MJ4032 

RCA30 

TIP30 


RCP700D 

2N6556 


SDN1010 

2N6056 

RCA30A 

TIP30A 


RCP701A 

2N6551 


SDN1020 

MJ3001 

RCA30B 

TIP30B 


RCP701B 

2N6551 


SDN4040 

MJ10000 

RCA30C 

TIP30C 


RCP701C 

2N6552 


SDN4045 

MJ10000 

RCA31 

TIP31 


RCP701D 

2N6553 


SDN6000 

MJ 10000 

RCA31A 

TIP31A 


RCP702A 

2N6554 


SDN6001 

MJ 10000 

RCA31B 

TIP31B 


RCP702B 

2N6554 


SDN6002 

MJ 10001 

RCA31C 

TIP31C 


RCP702C 

2N6555 


SDN6060 

MJ 10000 

RCA32 

TIP32 


RCP702D 

2N6556 


SDN6061 

MJ 10000 

RCA32A 

TIP32A 


RCP703A 

2N6551 


SDN6062 

MJ 10000 

RCA32B 

TIP32B 


RCP703B 

2N6551 


SDN6251 

MJ 10002 

RCA32C 

TIP32C 


RCP703C 

2N6552 


SDN6252 

MJ 10002 

RCA41 

TIP41 


RCP703D 

2N6553 


SDN6253 

MJ10003 

RCA41A 

TIP41A 


RCP704 

2N6554 


SDT7A01 

2N5428 

RCA41B 

TIP41B 


RCP704B 

2N6554 


SDT7A02 

2N5428 

RCA41C 

TIP41C 


RCP705 

2N6551 


SDT7A03 

2N5428 

RCA42 

TIP42 


RCP705B 

2N6551 


SDT7A07 

2N5427 

RCA42A 

TIP42A 


RCP706 

2N6554 


SDT7A08 

2N5427 

RCA42B 

TIP42B 


RCP706B 

2N6554 


SDT7A09 

2N5427 

RCA42C 

TIP42C 


RCP707 

2N6551 


SDT401 

2N6543 

RCA 120 

TIP120 


RCP707B 

2N6551 


SDT402 

2N6543 

RCA121 

TIP121 


RCS29 

2N4231A 


SDT410 

MJ410 

RCA122 

TIP122 


RCS29A 

2N4232A 


SDT411 

MJ411 

RCA125 

TIP125 


RCS29B 

2N4233A 


SDT413 

MJ413 

RCA126 

TIP126 


RCS30 

2N6312 


SDT423 

MJ423 

RCA410 

MJ410 


RCS30A 

2N6313 


SDT424 

2N6308 

RCA411 

MJ411 

, 

RCS30B 

2N6314 


SDT425 

2N6545 

RCA413 

MJ413 


RCS30C 

2N6420 


SDT430 

2N6307 

RCA423 

MJ423 


RCS31 

2N4231A 


SDT431 

MJ431 

RCA431 

MJ431 


RCS31A 

2N4232A 


SDT520 

2N6306 

RCA1000 

MJ1000 


RCS31B 

2N4233A 


SDT521 

2N6306 

RCA1001 

MJ 1001 


RCS32 

2N6312 


SDT522 

2N6306 

RCA3054 

TIP31A 


RCS32A 

2N6313 


SDT525 

2N6306 

RCA3055 

MJE3055 


RCS32B 

2N6314 


SDT526 

2 N 6306 

RCA8203 

TIP125 


RCS32C 

2N6421 


SDT527 

2N6306 

RCA8203A 

TIP126 


RCS242 


2N3055H 

SDT530 

2N6306 

RCA8203B 

TIP127 


RCS258 


2N3772 

SDT531 

2N6306 

RCA8350 

2N6050 


RCS258 

2N5885 


SDT532 

2N6306 

RCA8350A 

2N6050 


RCS559 


2N6211 

SDT535 

2N6306 

RCA8350B 

2N6051 


RCS560 


2N6211 

SDT536 

2N6307 

RCA8766 


MJ 10002 

RCS564 


2N6249 

SDT537 

2N6307 

RCA8766A 


MJ 10002 

RCS579 


2N6306 

SDT540 

2N6307 

RCA8766B 


MJ 10003 

RCS579 

2N6306 


SDT541 

2N6307 

RCA8766C 


MJ 10003 

SDM6000 

MJ10012 


SDT542 

2N6307 


DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL. 
REFER TO CHAPTER 1 


POWER TRANSISTOR CROSS REFERENCE (continued) 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 


2N6308 


SDT4455 

2N5337 


SDT6904 

2N5052 


SDT546 

2N6308 


SDT4456 

2N5337 


SDT7201 

2N6306 


SDT547 

2N6308 


SDT4483 

2N4877 


SDT7202 

2N6306 


SDT550 . 

2N6308 


SDT4901 

2N3583 


SDT7203 

2N6306 


SDT551 

2N6308 


SDT4902 

2N6233 


SDT7204 

2N6307 


SDT552 

2N6308 


SDT4903 

2N6234 


SDT7205 

2N6308 


SDT1050 

2N5838 


SDT4904 

2N3585 


SDT7206 

2N6341 


SDT1051 

2N5840 


SDT4905 

2N3585 


SDT7207 

2N6306 


SDT1052 

2N6543 


SDT5101 

TIP41A 


SDT7208 

2N6306 


SDT1053 

2N6543 


SDT5102 

TIP41A 


SDT7209 

2N6307 


SDT1054 

2N6543 


SDT5103 

TIP41A 


SDT7603 

2N6338 


SDT1055 

2N5838 


SDT5111 

TIP42A 


SDT7604 

2N6339 


SDT1056 

2N3902 


SDT5112 

TIP42A 


SDT7605 

2N6341 


SDT1057 


2N6545 

SDT5113 

TIP42A 


SDT7609 

2N6338 


SDT1058 


2N6545 

SDT5501 

2N5537 


SDT7610 

2N6339 


SDT1059 


2N6545 

SDT5502 

2N5537 


SDT7611 

2N6341 


SDT1060 

2N5838 


SDT5503 

2N5537 


SDT7612 

2N6249 


SDT1061 

2N3902 


SDT5504 

2N5539 


SDT7731 

2N5881 


SDT1062 


2N6545 

SDT5506 

2N4877 


SDT7732 

2N5881 


SDT1063 


2N6545 

SDT5507 

2N4877 


SDT7733 

2N5882 


SDT1064 


2N6545 

SDT5508 

2N5336 


SDT7734 

2N5629 


SDT1301 

2N6235 


SDT5509 

2N5338 


SDT7735 

2N5630 


SDT1302 

2N6235 


SDT5511 

2N5337 


SDT7736 

2N5631 


SDT1303 

2N6235 


SDT55.12 

2 N 5337 


SDT9201 

2N6569 


SDT1304 

2N6235 


SDT5513 

2N5337 


SDT9202 

2N5878 


SDT3125 

MJ6701 


SDT5514 

2N5339 


SDT9203 

2N5632 


SDT3126 

MJ6701 


SDT5901 

2N3766 


SDT9204 

2N5633 


SDT3321 

MJ8100 


SDT5902 

2N3766 


SDT9205 

2N6569 


SDT3322 

MJ8100 


SDT5903 

2N3767 


SDT9206 

2N3055 


SDT3323 

2N6190 


SDT5904 

2N5050 


SDT9207 

2N5878 


SDT3324 

2N6192 


SDT5905 

2N5050 


SDT9208 

2N5632 


SDT3325 

MJ8100 


SDT5906 

2N3766 


SDT9209 

2N5633 


SDT3326 

MJ8100 


SDT5907 

2N3766 


SDT9210 

2N6569 


SDT3327 

2N6190 


SDT5908 

2N3767 


SDT9301 

2N5067 


SDT3328 

2N6192 


SDT5909 

2N5050 


SDT9302 

2N5068 


SDT3401 


2N5347 

SDT5910 

2N5050 


SDT9303 

2N5069 


SDT3402 


2N5347 

SDT5911 

2N5427 


SDT9304 

2N5067 


SDT3403 


2N5347 

SDT5912 

2N5427 


SDT9305 

2N5068 


SDT3404 


2N5349 

SDT5913 

2N5427 


SDT9306 

2N5069 


SDT3405 


2N5347 

SDT5914 

2N5429 


SDT9307 

2N3713 


SDT3406 


2N5347 

SDT5951 

2N5051 


SDT9308 

2N3715 


SDT3407 


2N5347 

SDT5952 

2N3583 


SDT9309 

2N3716 


SDT3408 


2N5349 

SDT5953 

2N5052 


SDT9701 

2N5303 


SDT3421 

2N4877 


SDT5954 

2N5051 


SDT9702 

2N5629 


SDT3422 

2N4877 


SDT5955 

2N3583 


SDT9703 

2N5630 


SDT3423 

2N5336 


SDT5956 

2N5052 


SDT9704 

2N5882 


SDT3424 

2N5338 


SDT6308 


2N5347 

SDT9705 

2N5629 


SDT3425 

2N4877 


SDT6309 


2N5347 

SDT9706 

2N5330 


SDT3426 

2N4877 


SDT6310 


2N5347 

SDT9707 

2N3055 


SDT3427 

2N5336 


SDT6311 


2N5347 

SDT12301 

MJ5039 


SDT3428 

2N5338 


SDT6312 


2N5347 

SDT12301 

2N5039 


SDT3501 

2N3719 


SDT6313 


2N5347 

SDT12302 

MJ7260 


SDT3502 

2N3720 


SDT6314 


2N5347 

SDT12302 


2N5347 

SDT3503 

2N6303 


SDT6315 


2N5347 

SDT12303 

MJ7260 


SDT3504 

2N6192 


SDT6316 


2N5347 

SDT12303 


2N5347 

SDT3505 

2N3867 


SDT6408 


2N5347 

SDT 12305 


2N5347 

SDT3506 

2N3868 


SDT6409 


2N5347 

SDT12306 


2N5347 

SDT3507 

2N6303 


SDT6410 


2N5347 

SDT 12307 


2N5347 

SDT3508 

2N6193 


SDT6411 


2N5347 

SDT 13301 

2N6546 


SDT3775 

2N6867 


SDT6412 


2N5347 

SDT13302 

2N6547 


SDT3776 

2N3868 


SDT6413 


2N5347 

SDT13303 

2N6547. 


SDT3777 

2N6303 


SDT6414 


2N5347 

SDT13304 


MJ 13334 

SDT3778 

2N3867 


SDT6415 


2N5347 

SDT13305 


MJ13335 

SDT4451 

2N4877 


SDT6416 


2N5347 

SDTB01 


2N5346 

SDT4452 

2N5336 


SDT6901 

2N5050 


SDTB02 


2N5346 

SDT4453 

2N4877 


SDT6902 

2N5051 


SDTB03 


2N5348 

SDT4454 

2N5336 


SDT6903 

2N5052 


SDTB05 


2N5346 


DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL. 
REFER TO CHAPTER 1 


3-9 


POWER TRANSISTOR CROSS REFERENCE (continued) 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

KHiliWilHMi 


2 N 5346 

TIP62C 


TIP30C 

TIP660 

MJ 10002 


SDTB07 


2N5346 

TIP69 


BU205 

TIP661 

MJ 10002 


SE9303 

MJ3000 


TIP70 


BU205 

TIP662 

MJ 10012 


SE9304 

MJ3001 


TIP71 


BU205 

TIP2955 


MJE2955 

SE9305 

2N6059 


TIP72 


BU205 

TIP3055 


MJE3055 

SE9306 

MJ4033 


TIP75 


MJE13005 

UMT1008 

MJ13014 


SE9307 

MJ4034 


TIP140 


2N6057 

UMT1009 

MJ13015 


SE9308 

MJ4035 


TIP141 


2N6058 

UMT1203 

MJE13004 


SE9331 

2N3739 


TIP142 


2N6059 

UMT1204 

MJE13005 


SE9403 

MJ2500 


TIP145 


2N6050 

WT5100 


MJ13015 

SE9404 

MJ2501 


TIP146 


2N6051 

WT5200 


2N6547 

SE9405 

2N6052 


TIP147 


2 N 6052 

40250 

2N4231A 


SE9406 

MJ4030 


TIP150 


MJE13006 

40251 

2N6569 


SE9407 

MJ4031 


TIP151 


MJE13007 

40310 

2N4231A 


SE9408 

MJ4032 


TIP152 


MJE13007 

40312 

2N4232A 


SV7056 

2N6558 


TIP160 


MJ 10002 

40313 

2N4240 


SVT200-10 

2N6306 


TIP161 


MJ 10002 

40316 

2N4231A 


SVT250-5 

2N5838 


TIP162 


MJ10012 

40318 

2N4240 


SVT250-10 

2N6306 


TIP303 


2N6544 

40322 

2N4240 


SVT300-5 

2N6542 


TIP304 


2N6544 

40324 

2N4231A 


SVT300-10 

2N6307 


TIP305 


2N6545 

40325 

2N6569 


SVT350-3 


2N6545 

TIP306 


2N6545 . 

40328 

2N4240 


SVT350-5 

2N5840 


TIP309 


BU208 

40363 

2N5877 


SVT400-3 

2N5157 


TIP310 


BU208 

40364 

2N4233A 


SVT400-5 

2N6543 


T1P501 

2N4877 


40513 


2N5984 

SVT450-3 


2N6545 

TIP502 

2N4877 


40514 


2N5984 

SVT450-5 

2N6543 


TIP503 

2N5050 


40542 - 


2N5978 

SVT6000 

MJ10004 


TIP504 

2N5051 


40543 


2N5978 

SVT6001 

MJ 10004 


TIP515 

2N6339 


40613 

TIP31 


SVT6002 

MJ 10005 


TIP516 

2N6341 


40618 

TIP31 


SVT6060 

MJ 10004 


TIP530 

2N6235 


40621 

TIP31 


SVT6061 

MJ 10004 


TIP531 


2N6546 

40622 

TIP31 


SVT6062 

MJ 10005 


TIP532 


2N6547 

40624 

T1P41A 


SVT6251 

MJ 10006 


TIP535 

2N6544 


40627 

TIP41A 


SVT6252 

MJ 10006 


TIP536 

2N6544 


40629 

TIP31 


SVT6253 

MJ 10007 


TIP537 

2N6545 


40630 

TIP31 


TIP33 


TIP41 

TIP538 

2N6249 


40631 

, TIP31A 


TIP33A 


TIP41A 

TIP539 

2N6546 


40632 

TIP41A 


TIP33B 


TIP41B 

TIP540 

2N6547 


40636 

2N5878 


TIP33C 


TIP41C 

TIP544 

2N6226 


40829 

2N6316 


TIP34 


TIP42 

TIP545 

2N6227 


40830 

2N6315 


TIP34A 


TIP42A 

TIP546 

2N6228 


40831 

2N6315 


TIP34B 


TIP42B 

TIP550 


BU205 

40850 

2N4240 


TIP34C 


TIP42C 

TIP551 


BU205 

40852 

2N6543 


TIP35 


2N5301 

TIP552 


BU207 

40853 

2N6546 


TIP35A 


2N5885 

TIP553 


BU208 

40854 

2N6546 


TIP35B 


2N5886 

TIP554 


2N6306 

40871 

TIP41C 


TIP35C 


MJ802 

TIP555 

2N6307 


40872 

TIP42C 


TIP36 


2N4398 

TIP556 

2N6545 


40873 

TIP41B 


TIP36A 


2*15883 

TIP558 

2N6544 


40874 

TIP41B 


TIP36B 


2N5884 

TIP559 

2N6544 


40875 

TIP41C 


TIP36C 


MJ4502 

TIP560 

2N6545 


40876 

TIP41A- 


TIP51 


2N6306 

TIP561 

2N6545 


40885 

1 

2N5655 ' 

TIP52 


2N6307 

TIP562 


2N6546 

40886 


2N5656 

TIP53 


2N6308 

TIP563 


2N6547 

40887 


2N5657 

TIP54 


2N6545 

TIP620 

2N6055 


41500 

TIP29 


TIP55A 


2N6546 

TIP621 

2N6056 


41501 

TIP30 


TIP56A 


2N6307 

TIP622 

2N6578 


41504 

TIP31 


TIP57A 


2N6308 

TIP625 

2N6053 


41505 


2N5655 

TIP58A 


2N6544 

TIP626 

2N6054 


41506 

2N6543 


TIP61 


TIP29 

TIP627 

2N6052 


43104 

2N5631 


TIP61A 


TIP29A 

TIP640 

MJ3000 





TIP61B 


TIP29B 

TIP641 

MJ3001 





TIP61C 


TIP29C 

TIP642 

2N6578 





TIP62 


TIP30 

TIP645 

MJ2500 





TIP62A 


TIP30A 

TIP646 

MJ2501 





TIP62B 


TIP30B 

TIP647 

2N6052 






DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL, 
REFER TO CHAPTER 1 , 





2N3054 

2N3054A (SILICON) 


MEDIUM-POWER NPN SILICON TRANSISTORS 


. . . designed for general purpose switching and amplifier applications. 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 3.0 Amperes 

• Complement to PNP Type 2N6049 or 2N491 2 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N3054A | 2N3054 

Unit 

Collector-Emitter Voltage 

v CEO 

55 

Vdc 

Collector-Emitter Voltage 
(Rbe = fl) 

V CER 

60 

Vdc 

Collector-Base Voltage 

V CB , 

90 

Vdc 

Emitter-Base Voltage 

V EB ' 

7.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

4.0 

10** 

Adc 

Base Current 

>B 

' 2.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

PD 

75 25 

0.43 0.143 

Watts 

W/°C 

Operating and Storage Junction, 

Temperature Range 

T J» T stg 

-65 to +200 

°C 


indicates JEDEC Registered Data 
**Addition to JEDEC Registered Data 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N3054A 

2N3054 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.33 

7.0 

°C/W 



4 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

55 VOLTS 

25 WATTS - 2N3054 
75 WATTS - 2N3054A 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 

CASE: COLLECTOR y 
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All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 







2N3054,A 


ELECTRICAL CHARACTERISTICS (Tc = 25° unless otherwise noted) 


| Characteristic ] 

Symbol 

Min 

Max 

Unit 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 




Vdc 

(l C = 100 mAdc, l B = 0) 


55 

- 


Collector-Emitter Sustaining Voltage (1) 




Vdc 

(lC = 100 mAdc, Rg E = 100 ) 


60 

— 


Collector Cutoff Current 

'CEO 



MAdc 

(V C E = 30 Vdc, l B = 0) 


— 

500 


Collector Cutoff Current 

'CEX 



mAdc 

( V CE = 90 Vdc, V g E (off) = L5 Vdc) 


— 

1.0 


(V C E = 90 Vdc, V BE ( of f) = 1.5 Vdc,T C = 150°C) 


- 

6.0 


Emitter Cutoff Current 

'ebo 



mAdc 

(V BE = 7.0 Vdc, l c = 0) 


— | 

1.0 



*ON CHARACTERISTICS (1) 


DC Current Gain 

(lC = 0.5 Adc, V CE = 4.0 Vdc) 

(l C = 3.0 Adc, V CE =4.0 Vdc) 

h FE 

25 

5.0 

150 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(Iq = 500 mAdc, lg = 50 mAdc) 


— 

1.0 


(lC =3.0 Adc, lg = 1.0 Adc) 


— 

6.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(lC = 500 mAdc, Vqe = 4.0 Vdc) 


- 

1.7 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(lC = 200 mAdc, V C E = 10 Vdc) 

h 

3.0 


MHz 

*Small-Signal Current Gain / 

(lC = 100 mAdc, Vqe = 4.0 Vdc, f = 1.0 kHz) 

hfe 

25 

180 

- 

•Common-Emitter Cutoff Frequency 
(lC = 100 mAdc, V C E = 4.0 Vdc) 

^hfe 

30 

_ 

kHz 


♦Indicates JEDEC Registered Data 
( 1) Pulse test: Pulse Width ^300 Ms, Duty Cycle ^2.0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 




Q.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4 0 


1C. COLLECTOR CURRENT (AMP) 
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2N3054,A 


FIGURE 4 - THERMAL RESPONSE 
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) 2.0 3.0 

t, TIME or PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


Curves Apply Below Rated VcEO 


BONDING WIRE LIMITED 


THERMAL LIMITATION @ Tc = 25°C 


20 30 40 50 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( pk ) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk ) <200°C. Tj( pk ) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN-OFF TIME 
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FIGURE 7 - CAPACITANCE 
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1C, COLLECTOR CURRENT (AMP) 
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2N3054,A 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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NPN PNP 
2N3055 MJ2955 


COMPLEMENTARY SILICON POWER TRANSISTORS 

. . . designed for general-purpose switching and amplifier applications. 

• DC Current Gain - hpE = 20-70 @ Iq = 4 Adc 

• Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 1 Vdc (Max) @ Iq = 4 Adc 

• Excellent Safe Operating Area 


15 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

60 VOLTS 
.115 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Emitter Voltage 

VcER 

70 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

7 

Vdc 

Collector Current — Continuous 

>c 

15 

Adc 

Base Current 

'b 

7 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

115 

0.657 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J* T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.52 

°C/W 
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NOTE: 

1. DIM "Q" IS DIA. 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
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Collector connected to case. 
CASE 11-01 
(TO-3) 
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I C . COLLECTOR CURRENT (AMP) 


2N3055 NPN/MJ2955 PIMP 


ELECTRICAL CHARACTERISTICS ITq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 

(IC = 200 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

Vdc 

Collector-Emitter Sustaining Voltage (1) 

(\q = 200 mAdc, RbE = 100 Ohms) 

v CER(sus) 

70 

~ 

Vdc 

Collector Cutoff Current 
(Vce = 30 Vdc, 1 0 = 0) 

'CEO 

- 

0.7 

' mAdc 

Collector Cutoff Current 

(V CE = 1 00 Vdc, V BE(o f f ) = 1 .5 Vdc) 

<V CE = 100 Vdc, V BE ( off ) * 1.5 Vdc, T C = 1 50°C) 

*CEX 

- 

1.0 

5.0 

mAdc 

Emitter Cutoff Current 

(V BE = 7.0 Vdc, l C = 0) ^ 

'ebo 

~ 

5.0 

mAdc 


*ON CHARACTERISTICS (1) 


DC Current Gain 

<I C = 4.0 Adc, V CE = 4.0 Vdc) 

(l C = 10 Adc, V CE = 4.0 Vdc) 

h FE 

20 

5.0 

70 

- 

Collector-Emitter Saturation Voltage 
(l C = 4.0 Adc. I B = 400 mAdc) 

(l C = 10 Adc, l B = 3.3 Adc) 

v CE(sat) 

- 

1.1 

3.0 

Vdc 

Base-Emitter On Voltage 

(Iq = 4.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

's/b 

2.87 

_ 

Adc 

(Vce = 40 Vdc, t = 1.0 s; Nonrepetitive) 





DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

(l C = 0.5 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

h 

2.5 

- 

MHz 

•Small-Signal Current Gain 

(lC = 1 -0 Adc, Vqe = 4.0 Vdc, f = 1 .0 kHz) 

hfe 

15 

120 

~ 

•Small-Signal Current Gain Cutoff Frequency 
( V CE = 4.0 Vdc, Iq = 1 -0 Adc, f = 1 .0 kHz) 

fhfe 

10 

~ 

kHz 


* Indicates Within JEDEC Registration. (2N3055) 

(1 ) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate >C*^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tq = 25°C; T j ( p k) is variable 
depending on power level. Second breakdown pulse limits are 
valid for duty cycles to 10% but must be derated for temperature 
according to Figure 1. 
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Ic. COLLECTOR CURRENT IpA) 


2N3055 NPN/MJ2955 PNP 


FIGURE 6 -COLLEC 

NPN - 2N3055 
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Vbe. BASE EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - SWITCHING TIMES TEST CIRCUIT 


+11 Vf 

0 - j 


D 


if, if ^10 ns 
DUTY CYCLE = 1 0% 


vcc 

+ 30 V 



Rg and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


For PNP Test Circuit, 
Reverse All Polarities. 


0, MUST BE FAST RECOVERY TYPE, eg 
M8D5300 USED ABOVE lg 100 mA 
MS06100 USED BELOW lg 100 mA 



0.5 1.0 2.0 3.0 5.0 10 

IC. COLLECTOR CURRENT (AMP) 


L TIME <Ms) I C , COLLECTOR CURRENT 1/jA) 


CUTOFF REGION 


PNP - MJ2955 
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vbe. base emitter voltage (volts) 



FIGURE 8 - TURN-ON TIME 
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IC. COLLECTOR CURRENT (AMP) 


FIGURE 10 - CAPACITANCE 



Vr. REVERSE VOLTAGE (VOLTS) 
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COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . PowerBase complementary transistors designed for high power 
audio, stepping motor and other linear applications. These devices 
can also be used in power switching circuits such as relay or solenoid 
drivers, dc-to-dc converters, inverters, or for inductive loads requiring 
higher safe operating area than the 2N3055 and MJ2955. 

• Current-Gain — Bandwidth-Product @ Iq = 1 Adc 
f j = 0.8 MHz (Min) — NPN 
= 2.2 MHz (Min) - PNP 

® Safe Operating Area — Rated to 60 V and 
120 V, Respectively 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 120 VOLTS 
115, 180 WATTS 



♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Collector-Emitter Voltage Base 
Reversed Biased 


Emitter-Base Voltage 
Collector Current — Continuous 
Base Current 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Indicates JEDEC Registered Data (2N3055A) 


MJ15015 

MJ15016 Unit 


120 




Symbol 

Max 

Max 

d JC 

1.52 

0.98 


FIGURE 1 - POWER DERATING 
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NPN 2IM3055A, MJ15015 
PNP MJ2955A, MJ15016 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 

Characteristic | Symbol J Min j Max | Unit j 

OFF CHARACTERISTICS (1) 


♦Collector-Emitter Sustaining Voltage 
(l c = 200 mAdc, l B = 0) 

2N3055A, MJ2955A 
MJ15015, MJ15016 

VcEO(sus) 

GO 

120 

1 1 

Vdc 

Collector Cutoff Current 


*CEO 



mAdc 

(Vce = 30 Vdc, VgE(off) = 0 Vdc) 

2N3055A, MJ2955A 


- 

0.7 


(Vce = 60 Vdc, VgE(off) = 0 Vdc) 

MJ15015, MJ15016 


- 

0.1 


♦Collector Cutoff Current 

2N3055A, MJ2955A 

>CEV 

- 

5.0 

mAdc 

(VcEV = Rated Value, VgE(off) = 1 -5 Vdc) 

MJ15015, MJ15016 


- 

1.0 


Collector Cutoff Current 

2N3055A, MJ2955A 

•CEV 

- 

30 

mAdc 

(VcEV = Rated Value, VgE(off) = 1 -5 Vdc, 

MJ15015, MJ15016 


- 

6.0 


T C =150°C) 






♦Emitter Cutoff Current 

2N3055A, MJ2955A 

>EBO 

- 

5.0 


( V EB = 7 Vdc » •c = o) 

MJ15015, MJ15016 


- 

0.2 



♦SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 



Adc 

(t = 0.5 s non-repetitive) 2N3055A, MJ2955A 


1.95 

- 


(V CE = 60 Vdc) MJ15015, MJ15016 


3.0 

- 



*ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 4.0 Adc, Vce = 2.0 Vdc) 

(l c = 4.0 Adc, Vce = 4.0 Vdc) 

(l c = 10 Adc, V C e = 4.0 Vdc) 

h FE 


70 

70 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

0c = 4.0 Adc, lg = 400 mAdc) 


- 

1.1 


(l c « 10 Adc, Ig =3.3 Adc) 


- 

3.0 


0c ~ 15 Adc, Ig = 7.0 Adc) 


- 

5.0 


Base-Emitter On Voltage 

v BE(on) 

0.7 

1.8 

Vdc 

(1C = 4.0 Adc, Vce = 4.0 Vdc) 






♦DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 2N3055A, MJ15015 

(1C - 1.0 Adc, Vce ~ 4.0 Vdc, f = 1.0 MHz) MJ2955A, MJ15016 

f T 

03 

2.2 

6.0 

18 

MHz 

Output Capacitance 

(V C g = 10 Vdc, l E = 0, f = 1.0 MHz) 


60 

600 

PF 


♦SWITCHING CHARACTERISTICS (2N3055A only) 


| RESISTIVE LOAD ] 

Delay Time 

(V C C = 30 Vdc, l C = 4.0 Adc, 

■bI = ^82 = 0.4 Adc, 

t p = 25 ps Duty Cycle < 2%) 

td 

- 

0.5 

ps 

Rise Time 

tr 

- 

4.0 

PS 

Storage Time 

ts 

- 

3.0 

PS 

Fall Time 

tf 

- 

6.0 

ps 


(1 ) Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2%. 
♦Indicates JEDEC Registered Data (2N3055A) 
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VbE. BASE-EMITTER VOLTAGE (VOLTS) 



Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
2N3055A. MJ2955A 


FIGURE 13 - FORWARD BIAS SAFE OPERATING AREA 
MJ15015, MJ15016 






2N3441 


NPN SILICON POWER TRANSISTOR 

. . . 2N3441 transistor is designed for use in general-purpose switching 
and linear amplifier applications requiring high breakdown voltages. 
It is characterized for use as: 

• Driver for High Power Outputs 

• Series and Shunt Regulators 

• Audio and Servo Amplifiers 
® Solenoid and Relay Drivers 

• Power Switching Circuits 


3 AMPERES 

NPN SILICON 
POWER TRANSISTOR 

140 VOLTS 
25 WATTS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Base Current — Continuous 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


v CBO 


v EBO 


PD 


T J« T stg 


25 

0.142 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Symbol 


R 0JC 


°C/W 


-U- 

B 


' r 


m. 


SEATING PLANE 
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STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
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Ail JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N3441 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic f Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 100 mAdc, l B = 0) 

v CEO(sus) 

140 

~ 

Vdc 

Collector Cutoff Current 

'CEO 

- 

100 

mA 

(V C e = 140 Adc, l B - 0) 





Collector Cutoff Current 

'CEX 



mA 

(Vce = 140 Vdc, V B E( 0 ff) = 1 .5 V) 


- 

5.0 


(V CE = 140 Vdc, V BE ( 0 ff) = 1 .5 V @ 150°C) 


- 

6.0 


Emitter Cutoff Current 

'EBO 

- 

1 .0 

mA 

(V BE = 7.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l C = 0.5 Adc, V CE = 4.0 V) 

(1C = 2.7 Adc, V C e = 4.0 V) 

h FE 

25 

5.0 

100 • 


Collector-Emitter Saturation Voltage (1) 

(l c = 2.7 Adc, l B - 0.9 Adc) 

v CE(sat) 

- 

6.0 ' 

Vdc 

Base-Emitter On Voltage (1) 

(1C = 2.7 Adc, l B = 4.0 Vdc) 

v BE(on) 


6.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(1C = 0.5 Adc, V C E = 4.0 Vdc, f test = 1 kHz) 

hfe 

15 

75 


Small-Signal Current Gam 

(l C = 0.5 Adc, V C E = 4.0 Vdc, f test = 0.4 MHz) 

Ihfel 

5.0 




FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic - VCE limits of the 
transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 1 is based on Tj(pk) = 200°C; Tc is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break- 
down. 
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2N3442 

2N4347 


HIGH POWER INDUSTRIAL TRANSISTORS 

NPN silicon power transistors designed for applications in 
industrial and commercial equipment including high fidelity audio 
amplifiers, series and shunt regulators and power switches. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 0 Vdc (Max) @ lc = 2.0 Adc - 2N4347 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 120 Vdc (Min) - 2N4347 
140 Vdc (Min) - 2N3442 

• Excellent Second-Breakdown Capability 


5.0 AND 10 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

120, 140 VOLTS 
100, 117 WATTS 




^MAXIMUM RATINGS 


Rating 

| Symbol | 

2N4347 

2N3442 

Unit 

Collector-Emitter Voltage 

< 

n 

m 

O 

120 

140 

Vdc 

Collector-Base Voltage 

V CB 

140 

160 

Vdc 

Emitter -Base Voltage 

V EB 

1 70 1 

Vdc 

Collector Current — Continuous 

■c 

5.0 

10 

Adc 

Peak 


10 

15** 


Base Current - Continuous 

•b 

3.0 

7.0 

Adc 

Peak 


8.0 

- 


Total Power Dissipation @ Tq = 25°C 

Pd 

100 

117 

Watts 

Derate above 25°C 


0.57 

0.67 

w/°c 

Operating and Storage Junction 

T J- T stg 

1 -65 to +200 

°C 




Temperature Range' 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


MILLIMETERS INCHES 
DIM MIN | MAX~ MIN | MAX’ 






2N3442, 2N4347 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(1C = 200 mAdc, l B = 0) 

2N4347 

2N3442 

v CEO(sus) 

120 

140 

- 

Vdc 

Collector Cutoff Current 


'CEO 




(Vce = 100 Vdc, l B = 0 

2N4327 


- 

200 


(V CE = 140 Vdc, l B = 0) 

2N3422 


- 

200 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE = 125 Vdc, V B E (of f ) = 1 .5 Vdc) 

2N4347 


- 

2.0 


(Vce = 140 Vdc, V BE ( 0 ff ) = 1 .5 Vdc) 

2N3442 


- 

5.0 


(V CE = 120 Vdc, V BE ( off ) = 1.5 Vdc, T C - 150°C) 

2N4347 


- 

10 


( V CE = 140 Vdc, V BE ( of f ) = 1 .5 Vdc, T C = 150°C) 

2N3442 


- 

30 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 7.0 Vdc. I C = 0) 2N4347, 2N3442 | 


- 

5.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

(IC = 2.0 Adc, V CE = 4.0 Vdc) 

(Iq = 5.0 Adc, Vq E = 4.0 Vdc) 

(IC = 3.0 Adc, V CE = 4.0 Vdc) 

(Iq = 10 Adc, Vce = 4.0 Vdc) 

2N4347 

2N4347 

2N3442 

2N3442 

h FE 

15 

10 

20 

7.5 

60 

70 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(IC = 2.0 Adc, l B = 200 mAdc) 

2N4347 


- 

1.0 


(l C = 5.0 Adc, l B =0.63 Adc) 

2N4347 


- 

2.0 


(lc = 10 Adc, l B = 2.0 Adc) 

2 N 3442. 


- 

5.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(lc = 2.0 Adc; V C E = 4.0 Vdc) 

2N4347 


- 

2.0 


(IC = 5.0 Adc, V C E = 4.0 Vdc) 

2N4347 


- 

3.0 


(l c = 10 Adc, V C E = 4.0 Vdc) 

2 N 3442 


- 

5.7 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l c = 0.5 Adc, V C e = 4.0 Vdc, f test = 50 kHz) 

(l c = 2.0 Adc, V C E = 4.0 Vdc, f test = 40 kHz) 

2N4347 

2 N 3442 

it 

200 

80 

- 

kHz 

Small-Signal Current Gain 

(l c = 0.5 Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

2N4347 

hfe 

40 


- 

dc = 2.0 Adc, Vce = 4.0 Vdc, f = 1 .0 kHz) 

2N3442 


12 

72 



‘Indicates JEDEC Registered Data 

NOTES: 1 . Pulse Test: Pulse Width = 300 jus, Duty Cycle < 2.0%. 
2. f j = |hf e | • f test 


FIGURE 1 - POWER DERATING 



0 25 50 75 100 125 150 175 200 


TC, CASE TEMPERATURE (°C) 
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hfE. DC CURRENT GAIN 1C. COLLECTOR-CURRENT (AMP) Iq. COLLECTOR CURRENT (AMP) 


2N3442, 2N4347 


ACTIVE REGION SAFE OPERATING AREA INFORMATION 


FIGURE 2 - 2 N 3442 
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FIGURE 3 - 2N4347 
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There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic-^CE limits of the 
transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figures 2 and 3 is based on Tj(p|<) = 200°C; Tq 
is variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C. COLLECTOR CURRENT (AMP) 


FIGURE 5 - COLLECTOR-SATURATION REGION 



IB, BASE CURRENT (mA) 


4-18 





V. VOLTAGE (VOLTS) 


2N3442, 2N4347 



0 1 0.2 0 3 0.5 0 7 1.0 2 0 3 0 5 0 7 0 10 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - COLLECTOR CUTOFF REGION 



Vbe. BASE EMITTER VOLTAGE (VOLTS) 



0.1 0.2 0.5 1.0 2.0 5 0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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2N3445 

thru 

2N3448 


HIGH-SPEED SILICON ANNULAR* 

NPN POWER TRANSISTORS 

. . . for switching and amplifier applications 

FEATURES 

® Fast Switching: Total Switching Time = 1 .2 fis (Typ) @ 5.0 A 
® High Gain: H F E = 40 to 120 @ 5.0 Amps (2N3447-48) 

• Guaranteed DC Safe Area: 1 .5 Amps (Min) @ VcE = 40 Vdc 

• Low VcE(sat) : TO Volt (Typ), 1.5 Volts (Max) @ 5.0 Amps 
® Excellent Beta Linearity 

APPLICATIONS 

• Specified safe area of this series allows reliable design for inverters, 
converters, hammer, and servo drivers. 

® Fast response makes it ideal for series regulators; high switching 
speeds enhance its use in switching regulators. 

® Wide bandwidth and flat beta hold-up result in exceptional ampli- 
fier characteristics. 


7.5 AMPERE 

POWER TRANSISTORS 
SILICON NPN 


60-80 VOLTS 
115 WATTS 



MAXIMUM RATING 


Rating 

Symbol 

2 N 3445 

2N3447 

2N3446 

2N3448 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

CD 

1X1 

> 

6.0 

10 

Vdc 

Collector Current-Continuous 

•c 

7.5 

Adc 

Base Current - Continuous 

*B 

4.0 

Adc 

Total Device Dissipation 

PD 

Figure 1, 2 | Figure 1, 3 

Watts 

Operating Junction Temperature 

Range 

Tj 

-65 to +200 

°C 


FIGURE 1 - POWER DERATING CURVE 


_ 120 
If 100 

£ E 80 
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si 60 


> a. 









115 WATTS 









































75 100 125 

T C) CASE TEMPERATURE (°C) 


These transistors are also subject to safe area curves as indicated by Figures 2, 
3. Both limits are applicable and must be observed. 

*Annular Semiconductors Patented by Motorola Inc. 
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SEATING 
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- D 1 


PLANE 

i— 

.F — J 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS OIA. 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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2N3445 thru 2N3448 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Emitter-Base Cutoff Current 



• ebo 




mAdc 

(V EB = 6Vdc) 


2N3445, 2N3447 


- 

- 

0.25 


(V EB = 10 Vdc) 


2N3446, 2N3448 


- 

- 

0.25 


Collector-Emitter Cutoff Current 



>CEX 




mAdc 

<V CE = 60 Vdc, V BE = -1 Vdc) 


2N3445, 2N3447 


- 

- 

0.1 


(Vn p = 60 Vdc, V RP = -1 Vdc, T r. 

= 1 50°C) 

2N3445, 2N3447 


- 

- 

1.0 


(V C E = 80 Vdc, V BE = -1 Vdc) 


2N3446, 2N3448 


- 

- 

0.1 


(V CE = 80 Vdc, V BE = -1 Vdc, T c 

= 150°C) 

2N3446, 2N3448 


- 

- 

1.0 


Collector-Emitter Cutoff Current 



'CEO 




mAdc 

(Vc E = 40 Vdc, l B = 0) 


2N3445, 2N3447 


- 

- 

1.0 


(V CE = 60 Vdc, l B = 0) 


2N3446, 2N3448 


- 

- 

1.0 


Collector-Base Breakdown Voltage 



bvcbo 




Vdc 

(Iq = 1 mAdc, l E = 0) 


2N3445, 2N3447 


80 

- 

- 




2N3446, 2N3448 


100 

- 

- 


Collector-Emitter Sustaining Voltage 



VcEO(sus) 




Vdc 

(l C = 100 mAdc, l B = 0) 


2N3445, 2N3447 


60 

- 

- 




2N3446, 2N3448 


80 

- 

- 


DC Current Gain 



hFE 




- 

(l C = 0.5 Adc, V CE = 5 Vdc) 


2N3445, 2N3446 


20 

45 

- 




2N3447, 2N3448 


40 

85 

- 


(l C = 3 Adc, V C E = 5 Vdc) 


2N3445, 2N3446 


20 

40 

60 


(l C = 5Adc, V CE = 5Vdc) 


2N3447, 2N3448 


40 

75 

120 


Collector-Emitter Saturation Voltage 



v CE(sat) 




Vdc 

(l C = 3 Adc, l B = 0.3 Adc) 


2N3445, 2N3446 


- 

0.6 

1.5 


(l C = 5 Adc, l B = 0.5 Adc) 


2N3447, 2N3348 


- 

0.8 

1.5 


Base-Emitter Saturation Voltage 



v BE(sat) 




Vdc 

(l C = 3 Adc, l B = 0.3 Adc) 


2N3445, 2N3446 


— 

1.0 

1.5 


(l C = 5 Adc, l B = 0.5 Adc) 


2N3447, 2N3338 


- 

1.0 

1.5 


Base-Emitter Voltage 



VBE 




Vdc 

(l C = 3 Adc, V C E = 5Vdc) 


2N3445, 2N3446 


- 

1.0 

1.5 


(1C = 5 Adc, Vc E = 5 Vdc) 


2N3447, 2N3448 


- 

1.0 

1.4 


Small Signal Current Gain 



h fe 




- 

(Vce = 10 Vdc, Iq = 0.5 Adc, f = 1 KHz) 

2N3445, 2N3446 


20 

- 

100 




2N3447, 2N3448 

! 

40 

- 

200 


| (V CE = 10 Vdc, l C = 0.5 Adc,f = 10 MHz) 

All Types 


1.0 

1.6 

- 


Common Base Output Capacitance 



c ob 




Pf 

(Vce = 10 Vdc, f = 0.1MHz) 


All Types 

I 

- 

260 

400 


Switching Times 







MS 

(Vce = 25 Vdc » Rl = 5 ohms, lc = 

5A.I B1 = 

l B2 = 0.5 A) 






Delay Time plus Rise Time 



td + t r 

- 

0.15 

0.35 


Storage Time 



t s 

- 

0.9 

2.0 


Fall Time 



tf 

- 

0.15 

0.35 



SAFE OPERATING AREAS 


FIGURE 2 - 2N3445, 2N3447 




V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area 
Curves indicate lc - Vqe 
limits below which the de- 
vice will not go into secon- 
dary breakdown. Collector 
load lines for specific cir- 
cuits must fall within the 
applicable Safe Area to 
avoid causing a collector- 
emitter short. (Duty cycle 
of the excursions make no 
significant change in these 
safe areas.) To insure opera- 
tion below the maximum 
Tj, the power-temperature 
derating curve must be ob- 
served for both steady state 
and pulse power conditions. 
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, COLLECTOR CURRENT l c , COLLECTOR CURRENT (AMPS) l B , BASE CURRENT (mA) 













COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) V CE „.„, COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) V CEM)( COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


2N3445 thru 2N3448 


FIGURE 7 - COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 
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, CURRENT GAIN h fE , CURRENT GAIN l c , COLLECTOR CURRDNT (AMPS) 


2N3445 thru 2N3448 


FIGURE 8 - COLLECTOR CURRENT versus BASE CURRENT 



0.1 - 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 5001000 

l s , BASE CURRENT (mA) 



l Bl BASE CURRENT (mA) 



0.1 0.2 0.3 0.4 0.5 0.7 1.0 2.0 3.0 4.0 5.0 7.0 .10 

l Cl COLLECTOR CURRENT (AMPS) 



0.1 0.2 0.3 0.4 0.5 0.7 1.0 2.0 3.0 4.0 5.0 7.0 10 

l Ct COLLECTOR CURRENT (AMPS) 
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COLLECTOR-EMITTER CURRENT ( M A) r A( ACTIVE REGION TIME CONSTANT (nsec) SWITCHING TIME (nsec) 


2N3445 thru 2N3448 


FIGURE 10 - TYPICAL SWITCHING TIMES 

g=|= = j TEST CIRCUIT 



l c , COLLECTOR CURRENT (AMPS) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l Cl COLLECTOR CURRENT (AMPS) 

FIGURE 13 - COLLECTOR-EMITTER LEAKAGE CURRENT 
versus BASE-EMITTER RESISTANCE 





1 2 3 5 7 10 20 30 50 70 100 

Po/fr 


FIGURE 14 - JUNCTION CAPACITANCE versus 
REVERSE JUNCTION VOLTAGE 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

JUNCTION VOLTAGE (VOLTS) 
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2N3583 thru 2N3585, 2N4240 npn 
2N 6420 thru 2N6423 pnp 


COMPLEMENTARY MEDIUM-POWER HIGH VOLTAGE 
POWER TRANSISTORS 


. . . designed for high-speed switching and linear amplifier applica- 
tions for high-voltage" operational amplifiers, switching regulators, 
converters, inverters, deflection stages and high fidelity amplifiers. 


• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 175 to 300 Vdc @ Iq = 200 mAdc 

• Second Breakdown Collector Current — 

l s /b = 350 mAdc @ V C E = 100 Vdc - NPN 
= 150 mAdc @ Vce = 100 Vdc - PNP 

• Usable DC Current Gain to 2.0 Adc 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N3583 

2N6420 

2N3584 

2N6421 

2N3585 

2N6422 

2N4240 

2N6423 

Unit 

Collector-Emitter Voltage 

T7SSSM 

175 

250 

300 

300 

a 

Collector-Base Voltage 

V CB 

250 

375 

500 

500 

Vdc j 

Emitter- Base Voltage 

V£B 

— 6.0 — 

mm 

Collector Current— Continuous 

«C 

1.0 





Adc 

-Peak (1 ) 


5.0 

B9 



9 


Base Current 

'B 

— 1.0 — 

Adc 

Total Power Dissipation 

Pd 








Watts 

@ T C = 25°C, 




35 - 





Derate above 25°C 


Em 






W/°C 

Operating and Storage June- 

T J- T stg 

— 


65 to +200 — 


— 

mm 

tion Temperature Range 









■ 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

5.0 

°C/W 

I * Indicates JEDEC Registered Data 









(1) Pulse Test: Pulse Width = 

5.0 ms. Duty Cycle < 10%. 







1.0 AND 2.0 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

250-500 VOLTS 
35 WATTS 





. SEATING PLANE 


PIN 1. BASE 

2. EMITTER 

CASE. COLLECTOR 

)V 

s 

Y 



L t 


ft Sxl 

1 0 


MW 



H9EBIIOH 

■ITTB 

WTJXM 

mw\:m 

cm 

ra 

PH 

mm 

Egg 

mm\ 

mm 


CBM 

CEEl 

cum 

HE9I 

jiifrlM 

■ifrkli 

HjEEl 

DEEM 

mm 



EifiLtiB 

Email 

mm 

EEH 


EMU 


ra 

■HIM 

BM 

OEH 

IiHIiH 

\mm 



mm 

MEM 


KEH 

EM 

CHZH 


mm 

UlttH 

mmm 

BBSiB 

HM 

u 

H 

MEM 


GEM 



eem 

Ena 

MEM 

EH 


EES 

worn 

nlMM 

Hfl 




BKM 

o 






All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6423 - PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 






NPN 

PNP 


Characteristic 

NPN 

PNP 

Symbol 

Min j Max 

Min | Max 

Unit 


•OFF CHARACTERISTICS ID 


Collector-Emitter Sustaining Voltage 
(l C = 200 mAdc, l B = 0) NPN 

(l c = 50 mAdc, l B = 0) PNP 

2N3583 

2N3584 

2N3585 

2N4240 

2N6420 

2N6421 

2N6422 

2N6423 

v CEO(sus) 

175 

250 

300 

300 

■ 


■ 


Collector Cutoff Current 



'CEO 





mAdc 

(V CE = 150 Vdc, l B = 0) 

2N3583 

2N6420 


- 

10 

- 

10 



2N3584 

2N6421 


- 

5.0 

- 

5.0 



2N3585 

2N6422 


- 

5.0 

- 

5.0 



2N4240 

2N6423 



5.0 

— 

5.0 


Collector Cutoff Current 



o 

m 

X 





mAdc 

(V C E = 225 Vdc, V BE(off ) = 1.5 Vdc) 

2N3583 

2N6420 


- 

1.0 

- 

1.0 


(V CE = 340 Vdc, V BE(off ) = 1.5 Vdc) 

2N3584 

2N6421 


- 

1.0 

- 

1.0 


(V CE = 450 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N3585 

2N6422 


- 

1.0 

- 

1.0 



2N4240 

2N6423 


- 

. 2.0 

- 

2.0 


( V CE = 225 Vdc, V BE(of f) = 1.5 Vdc, T c = 150°C) 

2N3583 

2N6420 


- 

3.0 

- 

3.0 


(V CE = 300 Vdc, V BE(of f) = 1.5 Vdc, T C = 150°C) 

2N3584 

2N6421 


- 

3.0 

- 

3.0 



2N3585 

2N6422 


- 

3.0 

- 

3.0 



2N4240 

2N6423 



5.0 

- 

5.0 


Emitter Cutoff Current 








mAdc 

I V BE = 6.0 Vdc, l c = 0) 

2N3583 

2N6420 



5.0 

- 

5.0 



2N3584 

2N6421 



0.5 

- 

0.5 



2N3585 

2N6422 



0.5 

- 

0.5 



2N4240 

2N6423 



0.5 

- 

0.5 



ON CHARACTERISTICS ID 


DC Current Gain 

All 

All 

LU 

LL 

-C 





- 

(l c = 0.1 Adc, V CE = 10 Vdc) 




40 

- 

40 

- 


*(l c = 0.5 Adc, V CE = 10 Vdc) 

2N3583 

2N6420 


40 

200 

40 

200 


*(l c = 0.75 Adc, V CE = 2.0 Vdc) 

2N4240 

2N6423 


10 

100 

10 

100 


(l c = 0.75 Adc, V CE = 10 Vdc) 

2N4240 

2N6423 


30 

150 

30 

150 


*(l c = 1.0 Adc, V CE = 2.0 Vdc) 

2N3584 

2N6421 


8.0 

80 

8.0 

80 



2N3585 

2N6422 


8.0 

80 

8.0 

80 


(l c = 1.0 Adc; V CE = 10 Vdc) 

2N3583* 

2N6420 


10 

- 

10 

- 



2N3584 

2N6421 


25 

100 

25 

100 



2N3585 

2N6422 


25 

100 

25 

100 


•Collector-Emitter Saturation Voltage 



v CE(sat) 





Vdc 

(l C = 0.75 Adc, l B = 75 mAdc) 

2N4240 

2N6423 


- 

1.0 

- 

1.0 


(l c = 1.0 Adc, l B = 125 mAdc) 

2N3583 

2N6420 


- 

5.0 

- 

5.0 , 



2N3584 

2N6421 


- 

0.75 

- 

0.75 



2N3585 

2N6422 


- 

0.75 

- 

0.75 


•Base-Emitter Saturation Voltage 








Vdc 

(l c = 0.75 Adc, l B = 75 mAdc) 

2N4240 

2N6423 


- 


- 

1.8 


(l c = 1.0 Adc, l B = 100 mAdc) 

2N3584 

2N6421 


- 


- 

1.4 



2N3585 

2N6422 


- 

1.4 

- 

1.4 


Base-Emitter On Voltage 

All 

All 

v BE(on) 





Vdc 

(l c = 1.0 Adc, V CE = 10 Vdc) 




- 

1.4 


1.4 



•Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 
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2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6423 - PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 






j NPN j 

PNP ] 


Characteristic 

NPN 


Symbol 

1 

1 

1 

1 

Unit 


DYNAMIC CHARACTERISTICS 


•Current Gain — Bandwidth Product^ 

(l c = 200 mAdc, V CE = 10 Vdc, f test = 5.0 MHz) 

2N3583 

2N3584 

2N3585 

2N4240 

2N6420 

2N6421 

2N6422 

2N6423 

*T 

10 

15 

■ 

10 

15 

■ 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 1.0 MHz) 

All 


c ob 


120 


120 

n 

•Small-Signal Current Gain 

(1C = 100 mAdc, V CE = 30 Vdc, f = 1.0 kHz) 

2N3583 

2N6420 

hfe 

25 

350 

25 

350 

- 


* SWITCHING CHARACTERISTICS 



2N3584 

2N3585 

2N4240 

2N6421 

2N6422 

2N6423 

t r 

- 

3.0 

0.5 

1 

3.0 

0.5 

MS 

Storage Time 



HHH 





MS 

(V cc = 200 Vdc, lc = 10 Adc, 

2N3584 

2N6421 





4.0 


1 b 1 = 1 B2 = 100 mAdc) 

2N3585 

2N6422 

■ ■ 

■ 


H ■ 



(V C c = 200 Vdc ' *C = 0.75 Adc, 

2N4240 

2N6423 

■ ■ 



■ 

6.0 


*B1 = *B2 = mAdc) 






| 



Fall Time 



tf 

■ 


■ ■ 


■RJBH 

(V C c = 200 Vdc, l c = 1.0 Adc, 

2N3584 

2N6421 



3.0 


3.0 

■j 

'B1 = 'B2 = 100 mAdc) 

2N3585 

2N6422 


■ ■ 


■ 


Bn I 

(V C c = 200 Vdc, l c = 0.75 Adc, 

2N4240 

2N6423 


■ 

3.0 


3.0 

■ B 

I b 1 = 1 B2 = mAdc) 




■ 


■ 


■ 






Second Breakdown Collector Current 
(V C E = 100 Vdc) 

All 

All 

*s/b 

350 

■ 

150 

■ 

mAdc 


‘Indicates JEDEC Registered Data 
(1)f T= l h fel * f test- 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 
D i MUST BE FAST RECOVERY TYPE, eg 
MBD530DUSED ABOVE 1 b * 100 mA 
MSD6100 USED BELOW Ifi * 100 mA 
FOR trf and t r , D1 IS DISCONNECTED AND V 2 = 0. 

FOR PNP TEST CIRCUIT, REVERSE DIODE AND VOLTAGE POLARITIES 
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fT, CURRENT GAIN -BANDWIDTH PRODUCT (MHz) t. TIME ha) t. TIME (jus) 








2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6423 - PNP 


FIGURE 6- THERMAL RESPONSE 



ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 7 - 2N3583 thru 2N3585, 2N4240 


FIGURE 8 - 2N6420 thru 2N6423 



'•“'1 I I LJ-JLU I 1 I I I l 1 I I I I 1 1 1—1 

3.0 5.0 7.0 .10 20 30 50 70 100 200 300 



3.0 5.0 7.0 10 20 30 50 70 100 200 300 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9- POWER DERATING 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for rel iable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figures 7 and 8 is based on Tq = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature according to Figure 9. 

Tj(p|<) may be calculated from the data in Figure 6. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. Second breakdown limitations do not derate 
the same as thermal limitations. Allowable current at the voltages 
shown on Figures 7 and 8 may be found at any case temperature 
by using the appropriate curve on Figure 9. 
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V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 



















2N3713 thru 2N3716 NPN 


SILICON NPN POWER TRANSISTORS 

. . . designed for medium-speed switching and amplifier applications. 
These devices feature: 

• Total Switching Time at 3 A typically 1.15 fis 

• Gain Ranged Specified at 1 A and 3 A 

• Low VcE(sat) : typically 0.5V at lc = 5A and Ib = 0.5A 

• Excellent Safe Operating Areas 

• Complement to 2N3789-92 


MAXIMUM RATINGS 


10 AMPERE 

POWER TRANSISTORS 
SILICON NPN 

60-80 VOLTS 
150 WATTS 


Rating 

Symbol 

2N3713 

2N3715 

2N3714 

2N3716 

Unit 

Collector-Base Voltage 

V CB 

80 

100 

Volts 

Collector-Emitter Voltage 

v CEO 

60 

80 

Volts 

Emitter-Base Voltage 

V EB 

7.0 

7.0 

Volts 

Collector Current (Continuous) 

•c 

10 

10 

Amps 

Base Current (Continuous) 

•b 

4.0 

4.0 

Amps 

Power Dissipation 

Pd 

150 

150 

Watts 

Thermal Resistance 

0JC 

1.17 

1.17 

°C/W 

Operating Junction and 

Storage Temperature Range 

Tj and 
T stg 

-65 to +200 

°C 




L 


ri 


J— Pi 


SEATING 

PLANE 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 


B 

- 

21.08 

- 

■flEETil 

C 

6.35 

7.62 

■HEM ■■ 

HEM 

D 

0.99 

1.09 


TWiTlcl 

E 

- 

3.43 

- 

QEi 

F 

29.90 

30.40 



G 

10.67 

11.18 



H 

5.33 

5.59 

■iwrii 

■»*W 

J 

16.64 

17.15 

EjEEI 

ES3 

K 

11.18 

12.19 

fcHESUl 

wxm 

Q 

3.84 

4.09 

lil 111 

taMMl 

R 

- 

26.67 

- 

MEm 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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SWITCHING TIMES (ps i 


2N3713 thru 2N3716 NPN 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


Emitter-Base Cutoff Current 

(V EB - 7 Vdc) All Types 

Collector- Emitter Cutoff Current 

( V CE = 80 Vdc, V B£ = -1:5 Vdc) ' 2N3713, 2N3715 

(V CE = 100 Vdc, V Bff -1.5 Vdc) 2N3714, 2N3716 

(V CE = 60 Vdc, V BE = -1.5 Vdc, T c = 150°C) 2N3713, 2N3715 

(V CE =80 Vdc, V BE = -1.5 Vdc, T c = 150°C) 2N3714, 2N3716 

Collector-Emitter Sustaining Voltage* 

(I c = 200 mAdc, I B = 0) 2N3713, 2N3715 


DC Current Gain * 

(I c = 1 Adc. VcE = 2 Vdc) 

(I c = 3 Adc, V C£ = 2 Vdc) 


Collector- Emitter Saturation Voltage 
(I c = 5 Adc, I B = 0.5 Adc) 

Base-Emitter Saturation Voltage * 

(I c = '5 Adc, I B = 0.5 Adc) 

Base-Emitter Voltage * 

(I c = 3 Adc, V C£ = 2 Vdc) 

Small Signal Current Gain 
(V CE = 10 Vdc, I c = 0.5 Adc, f = 1 MHz) 

Switching Times (Figure 2) 

(I c = 5 A, I fil = I B2 = 0.5 Adc) 

Rise Time 
Storage Time 
Fall Time 



Symbol 

All Types 

! EBO 

2N3713, 2N3715 
2N3714, 2N3716 
2N3713, 2N3715 
2N3714, 2N3716 

X CEX 

2N3713, 2N3715 
2N3714, 2N3716 

V CEO(sus) 

2N3713, 2N3714 
2N3715, 2N3716 
2N3713, 2N3714 
2N3715, 2N3716 

h FE * 

2N3713, 2N3714 
2N3715, 2N3716 

V CE(sat) * 

2N3713, 2N3714 
2N3715, 2N3716 

v BE(sat) * 

All Types 

V BE* 

All Types 

h fe 


tr 

^s 










I 8 , BASE CURRENT (mA) l c . COLLECTOR CURRENT (AMPS) 


2N3713 thru 2N3716 NPN 


FIGURE 3 - COLLECTOR CURRENT versus BASE CURRENT 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

l B , BASE CURRENT (mA) l„. BASE CURRENT (mA) 




V BE , BASE-EMITTER VOLTAGE (VOLTS) V BE , BASE-EMITTER VOLTAGE (VOLTS) 

NOTE 1. Dotted line indicates metered base current plus the Icbo of the transistor at 175 e C . 

NOTE 2. Pulse test : pulse width 200 jusec, duty cycle « 1.5% 
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I c , COLLECTOR CURRENT (mA) V BE {„») BASE-EMITTER SATURATION VOLTAGE (VOLTS) Vcem), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


2N3713 thru 2N3716 NPN 



10 20 30 50 70 100 200 300 500 700 1000 

l B , BASE CURRENT (mA) 

FIGURE 7 - BASE-EMITTER SATURATION VOLTAGE VARIATIONS 


1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

10 20 30 50 70 100 200 300 500 700 1000 

l B , BASE CURRENT (mA) 


J^lc = 5A 




l c = 3A- 


l c — 1A 


Tj ~ 

25°C 

40°C 

175°C 


FIGURE 8 - COLLECTOR CURRENT versus 



FIGURE 9 - COLLECTOR CURRENT versus 
BASE-EMITTER RESISTANCE 


zi 

o 

c _> 

_o 



10,000 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


R 8El EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 




fr, CURRENT GAIN - BANDWIDTH PRODUCT (me) h FE , CURRENT GAIN h FE , CURRENT GAIN 


2N3713 thru 2N3716 NPN 



.01 .02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

l c , COLLECTOR CURRENT (AMPS) 



6 


4 


2 


0 






2N3713 thru 2N3716 NPN 


SAFE OPERATING AREAS 




0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate I ( V rK limits 

below which the device will not go into secondary break- 
down. Collector load lines for specific circuits must fall 
within the applicable Safe Area to avoid causing a collector- 
emitter short. (Duty cycle of the excursions make no signifi- 


cant change in these safe areas.) To insure operation below 
the maximum T,, the power-temperature derating curve 
must be observed for both steady state and pulse, power 
conditions. 



2N3719, 2N3720 (silicon) 
2N3867, 2N3868 
2N6303 


SILICON PNP POWER TRANSISTORS 

. . . designed for high-speed, medium-current switching and high- 
frequency amplifier applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) =40 Vdc (Min) - 2N3719.2N3867 
= 60 Vdc (Min) - 2N3720.2N3868 
= 80 Vdc (Min) -2N6303 

• DC Current Gain — 

hpE = 25-180 @lc = 1.0 Adc - 2N371 9.2N3720 
= 40-200 @I C = 1.5 Adc - 2N3867 
= 30-1 50 @ lc = 1 .5 Adc - 2N3868.2N6303 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) =0.75 Vdc @I C = 1.0 Adc - 2N3719.2N3720 
= 0.75 Vdc @ lc = 1.5 Adc - 2N3867.2N3868, 
2N6303 

• High Current-Gain — Bandwidth Product — 

fj = 90 MHz (Typ) 

• 2N3867 JAN and 2N3868 JAN also Available 


•MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


I Collector Current - Continuous 
Peak 


3 AMPERE 

POWER TRANSISTORS 
PNP SILICON 
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol \ Min f Max } Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ( 1 ) 

(l C = 20 mAdc, l B = 0) 

2N3867 

2N3868 

2N6303 

VcEO(sus) 

B 

- 

Vdc 

Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(l C = 100 MAdc, l E = 0) 

2N3867 



- 



2N3868 


■ 

- 



2N6303 


■*wmz 

- 


Emitter-Base Breakdown Voltage 


bv EB o 



Vdc 

« (Ie = 100 MAdc. I C = 0) 



4.0 

- 


Collector Cutoff Current 


'CEX 



MAdc 

(Vce = Rated V CB , V BE ( 0 f f j = 2.0 Vdc) 



- 

1.0 


Collector Cutoff Current 


>CB0 



MAdc 

(V C b = Rated V CB , l E = 0, T c = 150°C) 



- 

150 



ON CHARACTERISTICS (1) 


DC Current Gain 

(IC = 500 mAdc, V C E = 1-0 Vdc) 2N3867 

2N3868, 2N6303 

(l C =1.5 Adc, V CE = 2.0 Vdc) 2N3867 

2N3868, 2N6303 

0 C = 2.5 Adc, V CE = 3.0 Vdc) 2N3867 

2N3868, 2N6303 

(l c = 3.0 Adc, V CE = 5.0 Vdc) 2N3867 

2N3868, 2N6303 

hpE 

50 

35 

40 

30 

25 

20 

20 

200 

150 


Collector-Emitter Saturation Voltage 

VCE (sat) 




(l C = 500 mAdc, l B = 50 mAdc) 


- 



(l C = 1.5 Adc, l B = 150 mAdc) 


- 



(l C = 2.5 Adc. I B = 250 mAdc) 


- ' 



Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 500 mAdc, l B = 50 mAdc) 


- 

1.0 


(l C = 1.5 Adc, l B = 150 mAdc) 


0.9 

1.4 


{l C = 2.5 Adc, l B = 250 mAdc) 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 100 mAdc, V CE = 5.0 Vdc, f tes t = 20 MHz) 

*T 

60 

- 

MHz 

Output Capacitance 
(Vce = 10 Vdc, l E = 0, f = 0.1 MHz) 

^ob 

- 

120 

PF 

Input Capacitance 

(V EB = 3.0 Vdc, l C ■ 0, f = 0.1 MHz) 

Gib 

- 

1000 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vce = 30 Vdc. V BE ( off ) = 0, 

td 

- 

35 

ns 

Rise Time 

1C = 1.5 Adc, l B *| = 150 mAdc) 

tr 

- 

65 

ns 

Storage Time 

(V C c = 30 Vdc, l C = 1.5 Adc, 

ts 

- 

325 

ns 

Fall Time 

•bI = ^2 = 150 mAdc) 

tf 

- 

75 

ns 


'Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width ^ 300 ms. Duty Cycle 2.0%. 

(2) f T = Ihfel* W 
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2N3719, 2N3720, 2N3867, 2IM3868, 2N6303 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VCEO(sus) 



Vdc 

(l C = 20 mAdc, l B = 0) 

2N3719 


40 

- 



2N3720 


60 

- 4 


Collector Cutoff Current 


'CEX 




(V C E = 40 Vdc, V BE(o ff) = 2.0 Vdc) 

2N3719 


- 

10 

/iAdc 

(V CE = 60 Vdc, V BE ( 0 ff) - 2.0 Vdc) 

2N3720 


- 

10 


( V CE = 40 Vdc, V BE (of f) = 2.0 Vdc, T c = 1 50°C) 

2N3719 


- 

1.0 

mAdc 

( VCE = 60 Vdc, V BE ( 0 ff j - 2.0 Vdc. T c = 1 50°C) 

2N3720 


- 

1.0 


Collector Cutoff Current 


•CBO 




(V CB = 40 Vdc, l E = 0) 

2N3719 


- 



(V CB = 60 Vdc, l E = 0) 

2N3720 


- 



Emitter Cutoff Current 


>EB0 



mAdc 

(V BE =4.0 Vdc, l C = 0) 



- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 500 mAdc, V CE = 1.5 Vdc) 

(l C = 1.0 Adc. V CE = 1.5 Vdc) 

(l C = 1.0 Adc, V CE = 1.5 Vdc, T C = -40°C) 


20 

25 

15 

180 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 1.0 Adc, l B = 100 mAdc, T c = -40°C to +100°C) 


- 

0.75 


(l C = 3.0 Adc, l B = 300 mAdc, T C = -40°C to +100°C) 


- 

1.5 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l c = 1.0 Adc, 1 B = 100 mAdc, T c = -40°C to +100°C) 


- 

1.5 


(l C = 3.0 Adc, l B = 300 mAdc, T C = -40?C to +100°C) 


- 

2.3 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 500 mAdc, V CE = 10 Vdc, f tes t = 30 MHz) 

fT 

60 

- 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 0.1 MHz) 

^ob 

- 

120 

pF 

Input Capacitance 

(V E b = 0.5 Vdc, l c = 0, f = 0.1 MHz) 

Cjb 

- 

1000 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V CC = 12 Vdc, V BE (off) = 0. lc = 10 Adc, I B1 = 0.1 Adc) 

fon 

_ 

100 

ns 

Turn-Off Time 

(V C c= 12 Vdc, l C = 1.0 Adc, I B1 = l B2 = 100 mAdc) 

t'off 

- 

400 

ns 


* Indicates JE DEC Registered Data 

(1) Pulse Test: Pulse Width ^ 300 /is. Duty Cycle = 2.0%. (2) f-j- = l h fe I * f test- 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


Vcc 



FIGURE 3 - TURN-ON TIME 
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2N3719, 2IM3720, 2N3867, 2N3868, 2N6303 


FIGURE 4 - THERMAL RESISTANCE 




Bnaini!Baie;<siinn«BBiM 

SiiiBissaniniimm 


■■■■■■ 

■■■hi 


0JC = 290C/W Max 


D CURVES APPLY FOR POWER 


READ TIME AT ti 


Tj(pk)-Tc = P(pk) 0JC(t) 


2.0 3.0 5.0 7.0 10 


DUTY CYCLE, D = tl/t2 


200 300 500 700 1000 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


Tj = 200°C — 

BONDING WIRE LIMITED H ' 

THERMALLY LIMITED @ Tc = 25°C 
(SINGLE PULSE) 

SECOND BREAKDOWN LIMITED i 
CURVES APPLY BELOW + 

RATED VcEO 2N3719, 2N3862 
I l l l l l I 1 2N3720. 2N3868 


2.0 3.0 5.0 7.0 10 


20 30 50 70 100 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided Tj(p|<)^ 200°C. 
Tj(pk) may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 


VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


IHIIfeiSiHI 

umssi 

■■■■■■ism 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 


BBS EES! 


■BBBnuinl 
IIIIMUHIHil 


1.0 2.0 5.0 10 

Vr. REVERSE VOLTAGE (VOLTS) 








1C, COLLECTOR CURRENT (/iA) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


2N3719, 2N3720, 2N3867, 2N3868, 2N63 


FIGURE 8 - DC CURRENT GAIN 




0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

1C, COLLECTOR CURRENT (AMP) 



+ 0.1 0 - 0.1 - 0.2 - 0.3 - 0.4 

VBE. BASE-EMITTER VOLTAGE (VOLTS) 
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6\j, TEMPERATURE COEFFICIENTS (mV/°C) 


FIGURE 9 - COLLECTOR SATURATION REGION 



10 20 30 50 70 100 200 300 500 700 1000 


IB, BASE CURRENT (mA) 



FIGURE 1 1 - TEMPERATURE COEFFICIENTS 



FIGURE 13 - BASE CUT-OFF REGION 



VBE, BASE-EMITTER VOLTAGE (VOLTS) 






2N3738, 2N3739 NPN (SILICON) 
2N6424, 2N6425 PNP 



HIGH VOLTAGE COMPLEMENTARY SILICON 
POWER TRANSISTORS 

. . .designed for high-speed switching, linear amplifier applications, 
high-voltage operational amplifiers, switching regulators, converters, 
inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 225 Vdc @ l C = 5.0 mAdc (2N3738, 2N6424) 

= 300 Vdc @ l C = 5.0 mAdc (2N3739, 2N6425) 

• DC Current Gain - 

hpE = 40-200 @ \q = 100 mAdc 

• Current-Gain — Bandwidth Product — 

fy = 10 MHz (Min) @ \q = 100 mAdc 

• ls/b Rated to 2.0 Amperes 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N3738 

2N6424 

2N3739 

2N6425 

Unit 

Collector-Emitter Voltage 

v CEO 

225 

300 

Vdc 

Collector-Base Voltage 

V CB 


325 

Vdc 

Emitter-Base Voltage 

WBSM 

6.0 

Vdc 

Collector Current — Continuous 

'C 

1.0 


— Peak 


2.0 

■ ■ 

Base Current — Continuous 

*B 


1 

- Peak 




Total Device Dissipation @ Tq = 25°C 

mgm 

■Pi ■ 


Derate above 25°C 


. . ■ ■■ 


Operating and Storage Junction 

Tj,T st g 

-65 to + 200 

°c 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

7.5 

°C/W 



1.0 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

225, 300 VOLTS 
20 WATTS 




2. EMITTER 
CASE: COLLECTOR 


HB 

cm 



MDGM 

E2£9 


■ ’TV 

n 

Iffil 

K MSI 

HHJ 


mm 

El 

mxm 



mm 

0.71 

0.86 


IffiEM 

E 

iff 



mim 

F 

Eta 

Mm 

EH 


mm 

irv 

EM 

HU 

PHM 

mm 

BM 

EM 

BUM 

E8EM 

j 

im 

HEM 

IiLWiB 

MftM 

mm 

iif 

- 

fflETHil 

- 

p 

- 


- 

EEM1 

jj 

3.61 

3.86 

0.142 

0.152 

mm 

- 


- 


T 

- 


- 

HUM 

u 

- 

IMMM 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 











2N3738, 2N3739 NPIM/2IM6424,2N6425 PIMP 


ELECTRICAL CHARACTERISTICS ITq = 25°Guwless otherwise noted.) 

Characteristic | Symbol 1 Min I Max | Unit 


•OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C 83 5.0 mAdc, l B = 0) 

2N3738, 2N6424 
2N3739, 2N6425 



- 

Vdc 

Collector-Emitter Cutoff Current 


*CEO 


■H 


(V C E - 125 Vdc, l B = 0) 

2N3738, 2N6424 


- 


■ 

<V CE = 200 Vdc, l B = 0) 

2N3739, 2 N 6425 

■ . ■ 

- 

■91 

MllfflplilJP 

Collector-Base Cutoff Current 


•CBO 



mAdc 

(V CB = 250 Vdc. I E = 0) 

2N3738, 2N6424 


- 

0.1 


(V C B =325 Vdc, l E =0) 

2N3739, 2N6425 


- 

0.1 


Collector Cutoff Current 


! CEV 



mAdc 

(V CE = 250 Vdc, V EB ( off ) = 1.5 Vdc) 

2N3738, 2N6424 


- 

0.5 


(V C E = 300 Vdc. V EB ( off ) = 1.5 Vdc) 

2N3739, 2N6425 


- 

0.5 


{ V C E = 1 25 Vdc, V EB ( 0 ff) = 1 -5 Vdc, T c = 100°C) 

2N3738, 2N6424 


- 

1.0 


(V CE = 200 Vdc, V EB ( off ) = 1.5 Vdc, T c = 100°C) 

2N3739, 2N6425 


- 

1.0 


Emitter-Base Cutoff Current 


'ebo 



mAdc 

(V EB = 6.0 Vdc) 



- 

0.1 



•ON CHARACTERISTICS 


DC Current Gain (1) 

h FE 



_ 

(l C = 50 mAdc, V CE = 10 Vdc) 


30 

- 


(Iq = 100 mAdc, Vqe = 10 Vdc) 


40 

200 


(l C = 250 mAdc, V C E = 10 Vdc) 


25 

- 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l C = 250 mAdc, l B = 25 mAdc) 


- 

2.5 


Base-Emitter “ON” Voltage (1) 

VBE(on) 



Vdc 

(lC = 100 mAdc, Vq E = 10 Vdc) 


- 

1.0 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 100 mAdc, V CE = 10 Vdc, f = 10 MHz) 

*T 

10 

_ 

MHz 

•Output Capacitance 

(V CB = 100 Vdc, l E = 0, f = 100 kHz) 

Cob 

_ 

20 

pF 

•Small-Signal Current Gain 

(Iq = 100 mAdc, V CE = 20 Vdc, f = 1.0 kHz) 

, hfe 

35 

- 



•Indicates JE DEC Registered Data 

(1) Pulse Test: Pulse Width ^300 ms, Duty Cycle <s2%. 

(2) f j = | hf e | • frequency 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


D1 Must Be Fast Recovery Type, e.g. 
MBD5300 Used Above l B = 100 mA 
MSD6100 Used Below I B = 100 mA 


V CC 


— 

25 ms 

— 

11 V 



0- 

— 

— 


q n v 


t r , tf ^10ns 



D1* 


>R C 


€) 


Duty Cycle = 1 .0% ” -4 0 V 

R b and Rq Varied to Obtain Desired Current Levels 


For td and t r , D1 is disconnected and V2 = 0 

For PNP test circuit, reverse diode and voltage polarities. 
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PRODUCT (MHz) 










Ic, COLLECTOR CURRENT (AMP) 



I is Zim mm m wmmm'Z'sdm 




V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 






IB. BASE CURRENT (nA) 1C, COLLECTOR CURRENT (nA) Q\j, TEMPERATURE COEFFICIENTS (mV/°C) 


2N3738, 2N3739 NPN/2N6424 / 2N6425 PNP 


NPN 

2N3738, 2N3739 


PNP 

2N6424, 2N6425 


APPLIES FOR I c/l B < hp E/3 


FIGURE 13 - TEMPERATURE COEFFICIENTS 


APPLIES FOR I c/l B < hF E/3 
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VbE. BASE-EMITTER VOLTAGE (VOLJS) 













MEDIUM-POWER PNP TRANSISTORS 


. . . ideal for use as drivers, switches and medium-power amplifier 
applications. These devices feature: 

• Low Saturation Voltage - 0.6 VQE(sat) @ *C = 1-0 Amp 

• High Gain Characteristics — hpE@ *C = 250 mA: 30-100 

• Excellent Safe Area Limits (See Figure 2) 

• Low Collector Cutoff Current — 

100 nA (Max) 2N3740A, 2N3741A 

• Complementary to NPN 2N3766 (2N3740) and 2N3767 (2N3741) 


POWER TRANSISTORS 


PNP SILICON 


60 - 80 VOLTS 
25 WATTS 



















2N3740, A, 2N3741, A 

^ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

j Characteristic | Figure No. | Symbol | Min | Max | Unit ~| 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (D 


2 

v CEO(sus)® 



Vdc 

(l C = 100 mAdc, l B = 0) 

2N3740, 2N3740A 



60 

- 



2N3741, 2N3741A 



80 

- 


Emitter Base Cutoff Current 


- 

•ebo 




(V EB = 7.0 Vdc) 

2N3740, 2N3741 



- 

0.5 

mAdc 


2N3740A, 2N3741A 




100 

nAdc 

Collector Cutoff Current 


5, 6® 

>CEX 




( Vce = 60 Vdc, V BE ( Q ff ) = 1 .5 Vdc 

2N3740 



- 

100 

pAdc 

2N3740A 



- 

100 

nAdc 

(Vqe = 80 vdc ' v BE(off) = 1-5 Vdc) 

2N3741 



- 

100 

pAdc 

2N3741A 



- 

100 

nAdc 

(V C E -40 Vdc, V BE(of f) = 1.5 Vdc, T c = 150°C) 

2N3740 



- 

1.0 

mAdc 

2N3740A 



- 

0.5 


( V CE = 60 Vdc, V BE ( 0 ff) = 1 .5 Vdc, T C - 1 50°C 

2N3741 



- 

1.0 

mAdc 


2N3741A 



- 

0.5 


Collector-Emitter Cutoff Current 


5, 6© 

•CEO ' 




(V CE =40 Vdc, l B = 0) 

2N3740 



- 

1.0 

mAdc 


2N3740A 



- 

1.0 

pAdc 

(V CE = 60 Vdc, l B = 0) 

2N3741 



- 

1.0 

mAdc 

2N3741A 



- 

1.0 

pAdc 

Collector Base Cutoff Current 


- 

•cbo 




(V C b = 60 Vdc, l E = 0) 

2N3740 


- 

100 

pAdc 


2N3740A 



- 

100 

nAdc 

(V C b = 80 Vdc, l E = 0) 

2N3741 



- 

100 

pAdc 


2N3741A 



- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l C = 100 mAdc, V CE = 1.0 Vdc) 

Oc = 250 mAdc, V CE = 1 -0 Vdc) 

(1C = 500 mAdc, V CE = 1.0 Vdc) 

(l C = 1.0 Adc, V CE = 1.0 Vdc) 

7 

h FE© 

40 

30 

20 

10 

100 


Collector-Emitter Saturation Voltage 
(l C = 1-0 Adc, l B = 125 mAdc) 

8,9,10 

VcE(sat)© 

- 

0.6 

Vdc 

Base-Emitter Voltage 
(lC = 250 mAdc, V CE = 1.0 Vdc) 

3, 4, 9, 10 

v be(T) 

- 

1.0 

Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 100 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

- 

fT 

CO 

o o 

- 

MHz 

Common Base Output Capacitance 
(V C b = 10 Vdc, l c = 0, f = 100 kHz) 

14 

c ob 

- 

100 

pF 

Small-Signal Current Gain 

OC = 50 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

— 

hfe 

25 

— 



•indicates JEDEC Registered Data. (D Pulse Test: Pulse Width £ 300 ms. Duty Cycle £2.0%. 

tMotorola guarantees this value in addition to the JEDEC registered data shown. ® Figures 5 and 6 apply to 2N3740 and 2N3741 only. 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Iq — Vqe limits-below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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r(t), NORMALIZED TRANSIENT , „ 

THERMAL RESISTANCE l B , BASE CURRENT (mA) l c , COLLECTOR CURRENT (mA) 


2N3740, A, 2N3741, A 


LARGE SIGNAL CHARACTERISTICS 

FIGURE 3 - TRANSCONDUCTANCE 


"OFF" REGION CHARACTERISTICS 

FIGURE 5 - TRANSCONDUCTANCE 
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V BE , BASE-EMITTER VOLTAGE (VOLTS) 


V be, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - INPUT ADMITTANCE 


V BEl BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 


R be , EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 

1 Figures 5 and 6 apply to 2N3740 and 2N3741. 


FIGURE 7 - THERMAL RESPONSE 
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Tj(pV) -T c = P( p i) 0 JC (t) 


0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 

t, TIME (ms) 









VOLTAGE (VOLTS) V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 


2IM374Q, A, 2N3741,A 



10 20 30 • 50 100 200 300 500 1000 

l c . COLLECTOR CURRENT (mA) 


SATURATION REGION CHARACTERISTICS 

FIGURE 9 - COLLECTOR SATURATION REGION 



FIGURE 10 - “ON” VOLTAGES 


FIGURE 11 - TEMPERATURE COEFFICIENTS 
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10 20 30 50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 




P D , POWER DISSIPATION (WATTS) 










2N3766, 2N3767 


ELECTRICAL CHARACTERISTICS (Tc = 25 # C unless otherwise noted) 


Characteristic 

Figure No. 

Symbol 

Min 

Max 

Unit 


OFF CHARACTERISTICS 


Collector- Emitter Voltage 0) 

(Ic = 100 mAdc, I B = 0) 

2N3766 

2N3767 

2 

BV CEO 

60 

80 

— 

Vdc 

Emitter-Base Cutoff Current 







mAdc 

(V £B = 6. 0 Vdc) 




— 

0.75 


Collector Cutoff Current 


4, 6 




mAdc 

(V CE = 80 Vdc, V BE = 1.5 Vdc) 

2N3766 



— 

0.1 


( V CE = 100 Vdc, V BE = 1.5 Vdc) 

2N3767 



— 

0.1 


(V CE = 50 Vdc, V BE = 1.5 Vdc, Tp = 150°C) 

2N3766 





1.0 


(V CE = 70 Vdc, V BE = 1.5 Vdc, T c = 150°C) 

2N3767 



— 

1.0 


Collector- Emitter Cutoff Current 


6 

I 



mAdc 

(V C e = 60 Vdc, I B = 0) 

2N3766 



— 

0.7 


(V CE = 80 Vdc, I B = 0) 

2N3767 



— 

0.7 


Collector-Base Cutoff Current 


4 

*CBO 



mAdc 

(V CB = 80 Vdc, I E = 0) 

2N3766 



— 

0.1 


( V CB = 100 Vdc - = °) 

2N3767 



- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE =5.0 Vdc) 

7 

h FE 

30 

_ ■ 

- 

(I^ = 500 mAdc, V EE =5.0 Vdc) 



40 

160 


(I c = 1.0 Adc, V C£ = 10 Vdc) 



20 

- 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 Adc, I B = 0.1 Adc) 

8,9 

V CE(spt) 

_ 

2.5 

Vdc 

(IC = 500 mAdc, I B =- 50 mAdc) 



— 

1.0 


Base- Emitter Voltage 
(I c = 1.0' Adc, V CE = 10 Vdc) 

3, 5,9 

V BE 


1.5 

Vdc 


TRANSIENT CHARACTERISTICS 


Current- Gain - Bandwidth Product 
(I c = 500 mAdc, V CE = 10 Vdc, f = 10 MHz) 

— 

f T 

10 



MHz 

Common-Base Output Capacitance 
(V CB = 10 Vdc, Ic = 0 Adc, f = 100 kHz) 

13 

C ob 

_ 

50 

pF 

Small-Signal Current Gain 
(IC = 100 mAdc, V C e = 10 Vdc, f = 1.0 kHz) 

- 

h fe 

40 

— ' 

— 


Pulse Test: Pulse Width <300jus, Duty Cycle <2. 0%. 


FIGURE 2 - ACTIVE REGION SAFE AREAS 



0 10 20 30 40 50 60 70 ' 80 


The Safe Operating Area Curves indicate 
Ic-Vce limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVceo voltage limit only if the collector cur- 
rent has been reduced to 20 mA or less be- 
fore or at the BV C es limit; then and, only then 
may the load line be extended to the abso- 
lute maximum voltage rating of BVcbo. To 
insure operation below the maximum T J( 
the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 


V CE . COLLECTOR EMITTER VOLTAGE (VOLTS) 
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VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3766, 2N3767 

FIGURE 7 - CURRENT GAIN 



10 20 30 50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 


FIGURE 8 - COLLECTOR SATURATION REGION 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

l B , BASE CURRENT (mA) 



10 20 30 50 100 200 300 500 1000 


FIGURE 10 - TEMPERATURE COEFFICIENTS 



-4.0 I I I I I I I I I I I I I I I I I » I I » 

0 100 200 300 400 500 600 700 800 900 1000 

l c , COLLECTOR CURRENT (mA) 


l c . COLLECTOR CURRENT (mA) 
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CAPACITANCE t pf) TIME (ns) 



100 < t| < 500 ^ts 
t 2 < 15 ns 
DUTY CYCLE ~ 2% 





2N3771 2N3772 



HIGH POWER NPN SILICON POWER TRANSISTORS 

. . . designed for linear amplifiers, series pass regulators, and inductive 
switching applications. 

• Forward Biased Second Breakdown Current Capability 

IS/b = 3.75 Adc @ V C E = 40 Vdc - 2N3771 
= 2.5 Adc @ Vqe = 60 Vdc - 2N3772 
= 3.75 Adc @ V C E = 40 Vdc - 2N6257 


20 and 30 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

40 and 60 VOLTS 
150 WATTS 


♦MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 


Collector-Emitter Voltag 


Collector-Base Voltage 




Collector Current — Continuous 
Peak 


Base Current — Continuous 
Peak 





EZEggEM l 
















2N3771 , 2N3772, 2N6257 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 

| Characteristic | Symbol | Min 1 Max 1 UnTF 


OFF CHARACTERISTICS 


‘Collector-Emitter Sustaining Voltage (1) 

(1C = 0.2 Adc, l B = 0) 

2N3771 

2N3772 

2N6257 

v CEO(sus) 

40 

60 

40 

- 

Vdc 

Collector-Emitter Sustaining Voltage 

2N3771 

VcEX(sus) 

50 

- 

Vdc 

Oc = 0.2 Adc, Vgg( 0 ff) = 1 .5 Vdc, R BE = 100 Ohms) 

2N3772 


80 

- 



2N6257 


50 

- 


Collector-Emitter Sustaining Voltage 

2N3771 

v CER(sus) 

45 

- 

Vdc 

(I C = 0.2 Adc. R BE - 100 Ohms) 

2N3772 


70 

- 



2N6257 


45 

- 


‘Collector Cutoff Current 


<CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 

2N3771 


- 

10 


(V CE = 50 Vdc, l B = 0) 

2N3772 


- 

10 


(V CE = 25 Vdc, l B =0) 

2N6527 


- 

10 


‘Collector Cutoff Current 


ICEV 



mAdc 

(Vce = 50 Vdc, V EB ( 0 f f ) = 1 .5 Vdc) 

2N3771 


- 

2.0 


(V CE = 100 Vdc, V EB ( 0ff ) = 1.5 Vdc) 

2N3772 


- 

5.0 


(V CE = 45 Vdc, V EB(off) = 1 .5 Vdc) 

2N6257 


- 

4.0 


(V C e = 30 Vdc, V EB ( off ) = 1 .5 Vdc, T c = 1 50°C) 

2N3771 


- 

10 



2N3772 


- 

10 


(V CE = 45 Vdc, V EB ( off) = 1 .5 Vdc, T c = 150°C) 

2N6527 


- 

20 


‘Collector Cutoff Current 


! CBO 



mAdc 

(V C B = 50 Vdc, l E =0) 

2IM3771 


- 

2.0 



2N6257 


- 

4.0 


(V C b = 100 Vdc, l E = 0) 

2N3772 


- 

5.0 


‘Emitter Cutoff Current 


'ebo 



mAdc 

(V B e ~ 5.0 Vdc, Iq = 0) 

2N3771 


- 

5.0 



, 2N6257 


- 

10 


(V BE = 7.0 Vdc, l c = 0) 

2N3772 


- 

5.0 



*ON CHARACTERISTICS 


DC Current Gain (1 ) 

(Iq = 1 5 Adc, Vce = 4.0 Vdc) 

(IC = 10 Adc^ Vce = 4.0 Vdc) 

(IC = 8.0 Adc, V C E = 4.0 Vdc) 

(IC = 30 Adc, V C E = 4.0 Vdc) 

(l C = 20 Adc, V C E = 4.0 Vdc) 

2N3771 

2N3772 

2N6257 

2N3771 

2N3772 

2N6257 

hpE 

15 

15 

5.0 

5.0 

5.0 

5.0 

60 

60 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(IC= 15 Adc, l B = 1.5 Adc) 

2N3771 


- 

2.0 


(IC = 10 Adc, l B = 1.0 Adc) 

2N3772 


- 

1.4 


(IC = 8.0 Adc, l B = 0.8 Adc) 

2N6257 


- 

1.5 


(l c = 30 Adc, l B = 6.0 Adc) 

2N3771 


- 

4.0 


(l c = 20 Adc, l B = 4.0 Adc) 

2N3772 


- 

4.0 



2N6257 


- 

4.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(IC = 15 Adc, V C E = 4.0 Vdc) 

2N3771 


- 

2.7 


(IC - 10 Adc, Vce = 4.0 Vdc) 

2N3772 


- 

2.2 


(l c = 8.0 Adc, V C E ~ 4.0 Vdc) 

2N6257 


- 

2.2 



♦DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 1 -0 Adc, V C E ^ 4.0 Vdc, f test = 50 kHz) 

^T 

0.2 

- 

MHz 

Small : Signal Current Gain 

(l C = 1 0 Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

hfe 

40 

- 

- 


SECOND BREAKDOWN 


Second Breakdown Energy with Base Forward Biased, 


>S/b 



Adc 

t = 1 .0 s (non-repetitive) 





(V C E = 40 Vdc) 

2N3771 


3.75 

- 



2N6257 


3.75 

- 


(V C e = 60 Vdc) 

2N3772 


2.5 




♦Indicates JEDEC Registered Data 
(1 ) Pulse Test: 300 /us, Rep. Rate 60 cps. 


4-61 






2N3771 , 2ISI3772, 2N6257 


FIGURE 2 - THERMAL RESPONSE - 2N3771, 2N3772/2N6257 







FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA - 2N3771 , 2N3772, 2N6257 


2N3772, 2N6257 (dc)l 


ir '4 iTc-25°c xrre : i-X^ =^==s=: ■ 

BONDING WIRE LIMITED— 

THERMALLY LIMITED | 

(SINGLE PULSE) — I ^ 

SECOND BREAKDOWN LIMITED |\ 

| | | CURVES APPLY BELOW RATED VCEO \> 

PULSE CURVES APPLY 2N3771 2N6257 ■!— *■ ^ 

FOR ALL DEVICES ( | | 2N3772 -{ — U 

0 2.0 3.0 5.0 7.0 10 20 30 50 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

Figure 3 is based upon JEOEC registered Data. Second break- 
down pulse limits are valid for duty cycles to 10% provided 
Tj(pk) < 200°C. Tj(p|<) may be calculated from the data of 
Figure 2. Using data of Figure 2 and the pulse power limits of 
Figure 3, Tjjpk) will be found to be less than Tj( max ) for pulse 
widths of 1 ms and less. When using Motorola transistors, it is 
permissible to increase the pulse power limits until limited by 
T J(max)- 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - SWITCHING TIME TEST CIRCUIT 


FIGURE 5 - TURN-ON TIME 



t r , tf < 10 ns 
DUTY CYCLE = 1.0% 



R B ANO R C ARE VARIED TO. OBTAIN DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE l B ^100 mA 
MSD6100 USED BELOW l B *-'100 mA 


z V pc = 30 V | 

I, T ) = 25QC — VBEfoff 1 = 5-0 V~ 


IC, COLLECTOR CURRENT (AMP) 














V, VOLTAGE (VOLTS) 


2N3771 , 2IS13772, 2N6257 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


1C, COLLECTOR CURRENT (AMP) 



>.UI 1 1 L — L. 1.1,1 1 1 1 1 1 l — J 1 ,.i. I I 1 I 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

1C, COLLECTOR CURRENT (AMP) 



- 0.4 - 0.3 - 0.2 - 0.1 0 + 0.1 + 0.2 + 0.3 + 0.4 + 0.5 + 0.6 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 
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2N3773 NPN/2N6609 PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic I 

Symbol 

Min 

Max 

Unit 


•Collector-Emitter Breakdown Voltage 
(I C = 0.2 Adc, l B =0) 


140 

- 

Vdc 

•Collector-Emitter Sustaining Voltage 

VCEX(sus) 

160 

- 

Vdc 

Oc = 0.1 Adc, Vg{=( 0 ff) -1.5 Vdc, R BE = 100 Ohms) 





Collector-Emitter Sustaining Voltage 

VcER(sus) 

150 

- 

Vdc 

(l c = 0.2 Adc, R BE = 100 Ohms) 





•Collector Cutoff Current 

'CEO 



mAdc 

(V CE = 120 Vdc, l B = 0) 


- 

10 


•Collector Cutoff Current 

'CEX 



mAdc 

(V C E = 140 Vdc, V BE(of f, = 1.5 Vdc 


- 

2 


(V CE = 140 Vdc, V BE ( 0ff ) = 1 .5 Vdc, T c = 150°C) 


- 

10 


Collector Cutoff Current 

•CBO 

- 

2 

mAdc 

(V CB = 140 Vdc, l E =0) 





•Emitter Cutoff Current 

•ebo 

- 

5 

mAdc 

(V BE = 7 Vdc, l C = 0) 





ON CHARACTERISTICS (1) 

DC Current Gain 

hpE 


■ 

_ 

*(I C = 8 Adc, V CE =4 Vdc) 


15 

fl B 


(l C = 16 Adc, V CE = 4 Vdc) 


5 

B 


Collector-Emitter Saturation Voltage 

VcE(sat) 


■1 ■ 


*(Iq = 8 Adc, l B = 800 mAdc) 


- 


B B 

(l c = 16 Adc, l B = 3.2 Adc) 


- 

B 

B B 

•Base-Emitter On Voltage 


- 

2.2 

■ 

(l C = 8 Adc, V CE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 



Magnitude of Common-Emitter 

Small-Signal, Short-Circuit, Forward Current Transfer Ratio 
(l c = 1 A,f = 50 kHz) 

Ihfel 

4 

— 

~* 

•Small-Signal Current Gain 

(I C = 1 Adc, V C E = 4 Vdc, f = 1 kHz) 

hfe 

40 

- 

— 


SECOND BREAKDOWN CHARACTERISTICS 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

1.5 

- 

Adc 

t = 1 s (non-repetitive), V£ E = 100 V, See Figure 12 





(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 


•Indicates JEDEC Registered Data 
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V. VOLTAGE (VOLTS) v C E< COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 


2N3773 NPN/2N6609 PNP 


NPN 


PNP 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 2 - DC CURRENT GAIN 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

l c , COLLECTOR CURRENT (AMPS) 


FIGURE 3 - COLLECTOR SATURATION REGION 



FIGURE 4 - COLLECTOR SATURATION REGION 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 


l B> BASE CURRENT (AMPS) 


FIGURE 5 - "ON" VOLTAGE 


FIGURE 6 - "ON" VOLTAGE 
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2ISI3773 NPN/2N6609 PIMP 



FIGURE 7 - TURN-ON SWITCHING 
TIMES - 2N3773, 2N6609 


— 2N3773 
~ 2N6609 



0.5 Tr = 25°C 



0 02 1 1 L..L..1 LI 1,1 I I I l.ll ll l l | 

' 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


l Cl COLLECTOR CURRENT (AMPS) 


FIGURE 8 - TURN-OFF SWITCHING 
TIMES - 2N3773, 2N6609 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


l C , COLLECTOR CURRENT (AMPS) 


FIGURE 9 - CURRENT-GAIN - BANDWIDTH 
PRODUCT - 2N3773, 2N6609 


m 

— 2N3773 
2NG609 
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TC 
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°C 
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0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CAPACITANCES - 2N3773, 2N6609 



FIGURE 11 - THERMAL RESPONSE - 2N3773, 2N6609 



t, TIME (ms) 
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2 N 3773 IMPN/2N6609 PNP 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate. Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation: i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 


The data of Figure 12 is based onTj( pk ) =200°C;Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk ) < 200°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



T c , CASE TEMPERATURE (°C) 
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2N3789 thru 2N3792 


SILICON PNP POWER TRANSISTORS 

. . . designed for medium-speed switching and amplifier applications. 
These devices feature: 

® Total Switching Time @ 3 A « 1 jus (typ) 

• Two Gain Ranges: 

hpE (min) = 15 and 30 @ 3 A (2N3789, 2N3790) 

25 and 50 @ 1 A (2N3791, 2N3792) 

• Low VcE(sat) = 0-5 V (typ) @ lc = 4.0 A, \q = 0.4 A 
® Excellent Safe Area Limits 

• Complementary NPN types available — 2N3713 thru 2N3716 


10 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

60-80 VOLTS 
150 WATTS 


MAXIMUM RATINGS 


Characteristic 

Symbol 

2N3789 

2N3791 

2N3790 

2N3792 

Unit 

Collector-Base Voltage 

V CB 

60 

80 

Volts 

Collector-Emitter Voltage 

v CEO 

60 

80 

Volts 

Emitter-Base Voltage 

CD 

LU 

> 

7.0 

7.0 

Volts 

Collector Current (Continuous) 

•c 

10 

10 

Amps 

Base Current (Continuous) 

>B 

4.0 

4.0 

Amps 

Power Dissipation 

PD 

150 

150 

Watts 

Thermal Resitance 

0 jc 

1.17 

1.17 

°C/W 

Junction Operating and 

Storage Temperature Range 

Tj, T st g 

-65 to +200 

°C 




d- 


r 4i 

SEATING 

PLANE 


,1 t 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 


26.67 

- 

1.050 


Collector connected to c 
CASE 11-01 
(TO-3) 
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2N3789 thru 2N3792 


ELECTRICAL CHARACTERISTICS (Tc = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Sustaining Voltage* 

(I c = 200 mAdc, Ig - 0) 

2N3789, 2N3791 

2N3790, 2N3792 

V CEO(sus)* 

60 

80 

- 

Vdc 

Collector- Emitter Cutoff Current 
' (V CE = 60 Vdc, V BE = -1.5 Vdc) 

2N3789, 2N3791 

! cex 



l 

mAdc 

(V CE = 80 Vdc, V BE = -1.5 Vdc) 

2N3790, 2N3792 


— 

l 


( V CE 3 P0 Vdc « V be = _1 - 5 Vdc > T C = 150 C) 

2N3789, 2N3791 



5 


(V CE = 80 Vdc, V QE = -15 Vdc, T c = 150= C) 

2N3790, 2N3792 


— 

5 


Emitter-Base Cutoff Current 
(V eb = 7 Vdc) 

All Types 

r EBO 

- 

5 

mAdc 

DC Current Gain* 

(I c = 1 Adc, V CE = 2 Vdc) 

2N3789, 2N3790 

2N3791, 2N3792 

h FE* 

25 

50 

90 

150 


(I c = 3 Adc, V CE = 2 Vdc) 

2N3789, 2N3790 

2N3791, 2N3792 


15 

30 

— 


Collector-Emitter Saturation Voltage* 

(I c = 4 Adc, I B - 0. 4 Adc) 

2N3789, 2N3790 

V CE(sat )* 



1.0 

Vdc 

(I c = 5 Adc, I B = 0. 5 Adc) 

2N3791, 2N3792 


- 

i.o 


Base- Emitter Saturation Voltage* 

(I c - 4 Adc, I Q = 0. 4 Adc) 

2N3789, 2N3790 

V BE(sat)* 



2.0 

Vdc 

(I c = 5 Adc, I B = 0.5 Adc) 

2N3791, 2N3792 


- 

1.5 


Current Gain — Bandwidth Product 
(V CE = 10 Vdc, I c = 0. 5 Adc, f = 1 me) 

All Types 

f T 

4 

- 

me 


♦Sweep Test: 1/2 sine wave cycle @ 60 cps. 



FIGURE 2 - TYPICAL SWITCHING TIMES AND TEST CIRCUIT 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

l c , COLLECTOR CURRENT (AMPS) 
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5l BASE CURRENT (mA) l c , COLLECTOR CURRENT (AMPS) 


2N3789 thru 2N3792 


LARGE SIGNAL CHARACTERISTICS - TYPE 2N3789, 2N3790 

(PULSE TEST : pulse width « 200 nsec, duty cycle 1%) 




FIGURE 4 - INPUT ADMITTANCE FIGURE 6 - SATURATION REGION 

1000 
700 
500 

300 
200 

100 
70 
50 

30 
20 

10 

7.0 

5.0 

3.0 

2.0 

1.0 





I B , BASE CURRENT (mA) | c , COLLECTOR CURRENT (AMPS) 


2N3789 thru 2N3792 


LARGE SIGNAL CHARACTERISTICS - TYPE 2N3791, 2N3792 

(PULSE TEST: pulse width ~ 200 /isec, dutv cycle ^ 1%) 


FIGURE 7 - TRANSCONDUCTANCE FIGURE 9 - CURRENT GAIN 





0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 

Vie. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 10 - SATURATION REGION 



NOTE 1. Dashed line indicates metered base current minus Icio of the transistor at 175 # C. 
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2N3789 thru 2N3792 


SAFE OPERATING AREAS 



0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 • 70. 80 90 


Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate l c — V C e limits 
below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fall within the ap- 
plicable Safe Area to avoid causing a collector-emitter short. 


FIGURE 17 - CUT-OFF REGION TRANSCONDUCTANCE 



V BE . BASE-EMITTER VOLTAGE (VOLTS) 


(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum Tj, 
the power-temperature derating curve must be observed for 
both steady state and pulse power conditions. 


FIGURE 18 - COLLECTOR CUT-OFF CURRENT versus 
BASE-EMITTER RESISTANCE 



1.0 10 100 IK 10 K 100 K 


R be . EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 
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213902 NPN (SILICON) 


HIGH VOLTAGE IMPN SILICON TRANSISTORS 

. . . designed for use in high-voltage inverters, converters, switching 
regulators and line operated amplifiers. 

• High Collector-Emitter Voltage - VcEX = 700 Vdc 

• Excellent DC Current Gain — 

hfE = 10 (Min) @ Iq = 2.5 Adc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.8 Vdc (Max).@ Iq = 1.0 Adc 


MAXIMUM RATINGS 


3.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

400 VOLTS 
100 WATTS 



Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 





















2N3902 


^ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

( Characteristic [ Symbol | Min [ Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

(Iq = 100 mAdc, l B = 0) (See Figure 12) 

v CEO(sus) 


_ 


Collector Cutoff Current 

■CEO 

■| 


mAdc 

(V CE =400 Vdc, l B =0) 



- 


Collector Cutoff Current 

*CEX 

■ ■ 


mAdc 

(V C E = 700 Vdc, V EB (off ) = 1.5 Vdc) 



2.5 


(V CE = 400 Vdc, V EB (off) = 1 -5 Vdc, T c = 1 25°C) 

H H 


0.5 


Emitter Cutoff Current 

• ebo 




(V b e = 5.0 Vdc, l C = 0) 


- 

5.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 1.0 Adc, V CE = 5.0 Vdc) 

(l c = 2.5 Adc, V CE = 5.0 Vdc) 

h FE 


90 

■ 

Collector-Emitter Saturation Voltage 





(IC= 1.0 Adc, l B = 0.1 Adc) 


- 

0.8 


(l c = 2.5 Adc, l B -0.5 Adc) 


- 

2.5 


Base-Emitter Saturation Voltage 


■ 



(l c = 1.0 Adc, l B -0.1 Adc) 





(l c 2.5 Adc, l B 0.5 Adc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

*T 




(l C = 0.2 Adc, V C E = 10 Vdc) 


2.8 

- 



•Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


FIGURE 2 -SWITCHING TIMES TEST CIRCUIT 



INPUT CURRENT WAVEFORM 



5.0% Duty Cycle 
t r = 100 ns 


FIGURE 3 -TURN-ON TIME 
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2N3902 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 -ACTIVE-REGION SAFE-OPERATING AREA 



5.0 10 20 50 100 200 500 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc~ V ce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj( p k)^ 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


FIGURE 7 - CAPACITANCE 
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HViiiri 


r VCE(sat) @ *C/»B = 5‘ 

I I I I I 


1.0 2.0 3.C 



iiiimniniiiHui 




VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 









2N4231A thru 2N4233A NPN (SILICON) 
2N6312 thru 2N6314 PNP 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.7 Vdc (Max) @ \q = 1.5 Adc 

• Low Leakage Current — IcEX = 0.1 mAdc (Max) 

• Excellent DC Current Gain — hpE = 25-100 @ lc = 1.5 Adc 

• High Current Gain — Bandwidth Product — 

fj = 4.0 MHz @ lc = 0.25 Adc 


5.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-60-80 VOLTS 
75 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N4231A 

2N6312 

2N4232A 

2N6313 

2N4233A 

2N6314 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

' 60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

v EB 

5.0 ► 

Vdc . 

Collector Current — 

Continuous 

Peak 

■c 

5.0 ► 

10 ► 

Adc 

Base Current 

>B 

2.0 ► 

Adc 

Total Device Dissipation @ 

T c = 25°C 

Derate above 25°C 

P D 

-* 75 ► 

0.43 ► 

Watts 

W/°C 

Operating and Storage 
Junction Temperature 
Range 

T J- T stg 

-*■ 65 to +200 ► 

°C 


* THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

2.32 

°C/W 


• Indicates JEDEC registered data. (All values meet or exceed JEDEC registered data). 




r — u — -| 



STYLE 1: | 

PINT BASE 

2. EMITTER 

CASE: COLLECTOR 

/// ^f 

s 

F 


LJ 

L t 


!T | 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

mm 




mum 

w 

IML'.m 


EBZD1 

IllfcKM 

M 

9.14 

- 

HEM 

mti 


- 

mem 

- 

HUMlIh 

BBiW 

EM 

mwm 

mm 

MkfJlh 

mm 

- 


- 

IIIXLIIM 

bh 

- 


~ 

llllEM 

mm 

- 

mm 

- 

MW 


All JEDEC Dimensions and and Notes Apply. 
CASE 80-02 
TO-66 
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2l\14zo l A thru ZIM4ZooA NHM , ZNkttVZ thru 2Nbd14 rlMr 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless Otherwise noted) 


*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ( 1 ) 
dc = 100 mAdc, l B = 0) 


Collector Cutoff Current 
(V CE = 30 Vdc. I B = 0) 

(V CE =- 50 Vdc. I B - 0) 

<V C E =■ 70 Vdc. I B - 0) 

Collector Cutoff Current 

(V CE - 40 Vdc. V BE(off ) = .1 5 Vdc) 
(V CE = 60 Vdc, V BE ( 0 ff) = 1 5 Vdc) 
(V CE = 80 Vdc, V BE(o ff) - 1 5 Vdc) 
(Vq E = 40 Vdc, V BE ( 0 ff) = 1 5 Vdc, 
T C - 150°C) 

(V CE = 60 Vdc, V BE (of f ) = 1 5 Vdc. 
T C ^ 150°C) 

(Vce 80 Vdc, V BE(off) - 1 5 Vdc > 
T C = 150°C) 

Collector Cutoff Current 
(V CB = 40 Vdc, l E = 0) 

(V CB = 60 Vdc, l E - 0) 

(V CB - 80 Vdc, l E - 0) 


2N4231A, 2N6312 
2N4232A. 2N6313 
2N4233A, 2N6314 

2N4231A, 2N6312 
2N4232A, 2N6313 
2N4233A, 2N6314 

2N4231A, 2N6312 
2N4232A, 2N6313 
2N4233A, 2N6314 
2N4231 A, 2N6312 

2N4232A, 2N6313 


2N4231A, 2N6312 
2N4232A, 2N6313 
2N4233A, 2N6314 




j <V BE - 5.0 Vdc, l C -- 0) 

ON CHARACTERISTICS 

DC Current Gain ( 1) 

*(lc = 0 5 Adc, V CE = 2 0 Vdc) 

*dc ^ 1 5 Adc, V CE = 20 Vdc) 

*dc = 3.0 Adc, V CE = 20 Vdc) 

(l c = 5 0 Adc, V CE =40 Vdc) 

‘Collector-Emitter Saturation Voltage (1 ) 

(l c = 15 Adc, l B = 0.15 Adc) 
d C = 3 0 Adc. I B = 0 3 Adc) 
dC = 5.0 Adc, l B = 1 25 Adc) 

•Base-Emitter On Voltage (1) 
dc = 1 5 Adc. V CE =20 Vdc) 

^DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(l C = 0 5 Adc, V CE = 10 Vdc, f test = 1 0 MHz) 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0 1 MHz) 

Small-Signal Current Gain 

dC = 0.5 Adc, V C E = 10 Vdc, f = 1.0 kHz) 

• Indicates JEDEC registered data. 

(1) Pulse Test Pulse Width 300 ps, Duty Cycle ^ 2 0% 



FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

APPROX . TURN-ON PULSE Vcc ° *** I 


FIGURE 3 - TURN "ON" TIME 





TURN-OFF PULSE REVERSE Al 

FOR CURVES OF FIGURES 3 AND 6, Rb AND Rc 
ARE VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Dj MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE l 8 * 100 mA 
MSD6100 USED BELOW l 8 * 100 mA 


Cjd « C e b ADI 


t] <15 ns 
100 <t2 <500 ps 
t 3 < 15 ns 

DUTY CYCLE =e 2.0% 

FOR td and t r , D1 
IS DISCONNECTED 
” FOR PNP TEST CIRCUIT, 

REVERSE ALL POLARITIES AND D 1 



2N4231A thru 2N4233A (NPN) 


2N6312 thru 2N6314(PNP) 


IC, COLLECTOR CURRENT (AMPERES) 






r(t), EFFECTIVE TRANSIENT 

t, TIME Uis) lc, COLLECTOR CURRENT (AMP) THERMAL RESISTANCE (NORMALIZED) 
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2N4231A thru 2N4233A NPN , 2N6312 


NPN 

2N4231A thru 2N4233A 



2N6314PNP 














2N4398 
2 

2N5745 


PNP SILICON HIGH-POWER TRANSISTORS 

. . . designed for use in power amplifier and switching circuits. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1.0 Vdc (Max) @ Iq= 15 Adc (2IM4398, 2N4399) 

• DC Current Gain Specified - 1.0 to 30 Adc 

® Complements to NPN 2N5301 , 2N5302, 2N5303 


20, 30 AMPERE 
POWER TRANSISTORS 



Indicates JEDEC Registered Data 

Motorola guarantees this data in addition to JEDEC Registered Data 



ta 

TC 


10 

200 


9.0 

180 

< 

8.0 

160 

g 

z 

7.0 

140 

o 

< 

6.0 

120 

Q- 

8j 

5.0 

100 

a 

cc 

4.0 

80 

S 

o 

CL 

3.0 

60 

a 

2.0 

40 


1.0 

20 



0 25 50 75 100 125 150 

T, TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 13. Al 
limits are applicable and must be observed. 
























2N4398, 2N4399, 2N5745 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

1 Characteristic 1 Symbol | Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 

( 1 c = 200 mAdc, l B = 0) 

2N4398 

2N4399 

2N5745 

v CEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(VCE = 40 Vdc, l B = 0) 

2N4398 


- 

50 


(V CE = 60 Vdc, l B = 0) 

2N4399 


- 

50 


(V C E = 80 Vdc, l R = 0) 

2N5745. 


- 

50 


Collector Cutoff Current 


»CEX 



mAdc 

(V C E = 40 Vdc, V BE (off) = 1 5 Vdc) 

2N4398 


- 

50 


(Vc E = 60 Vdc, V BE ( 0 ffj = 1.5 Vdc) 

2N4399 


- 

'5 0 


(V CE = 80 Vdc, V BE(off) = 1.5 Vdc) 

2N5745 


- 

50 


<V CE = 30 Vdc, V BE ( of f) = 1 5 Vdc. T C = 150°C) 

' 2N4398, 2N4399 


- 

10 


(V CE = 80 Vdc. V BE ( 0f f) = 1 5 Vdc, T c = 150°C) 

2N5745 


- 

10 


Collector Cutoff Current 


>CBO 



mAdc 

(V CB = 40 Vdc. I E =0) 

2N4398 


- 

1 0 


(Vc B = Vdc, 'e = oi 

2N4399 


- 

1 0 


(V C B = 80 Vdc, l E = 0) 

2N5745 


- 

1.0 


Emitter Cutoff Current 


•ebo 

_ 

5.0 

mAdc 

(V EB = 50 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gaind > 

(1C = 1.0 Adc, V CE = 2.0 Vdc) 

(1C = 10 Adc, V C £ = 20 Vdc) 

(l C = 15 Adc, V CE = 2 0 Vdc) 

(l C = 20 Adc, V CE = 20 Vdc) 

(l C = 30 Adc, V CE =40 Vdc) 

All Types 

2N5745 

2N4398, 2N4399 

2N5745 

2N4398, 2N4399 

*FE 

40 

15 

15 

5.0 

5.0 

60 

60 


Collector-Emitter Saturation Voltage! 1 ) 


v CE(sat) 



Vdc 

(1C - 10 Adc, l B = 1 0 Adc) 

2N4398, 2N4399 


- 

0 75 



2N5745 


- 

1 0 


(1C = 15 Adc, l B = 1 5 Adc) 

2N4398, 2N 4399 


- 

1 0 



2N5745 


- 

1.5 


dc = 20 Adc, l B = 2 0 Adc) 

2N4398, 2N4399 


- 

20 


(l C = 20 Adc, l B = 40 Adc) 

2N5745 


- 

20 


dC = 30 Adc, l B = 60 Adc) 

2N4398. 2N4399 


- 

4.0 


Base-Emitter Saturation Voltaged) 


v BE(sat) 



Vdc 

(1C = 10 Adc, l B = 1 0 Adc)** 

2N4398, 2N4399 


- 

1 6 



2N5745 


- 

1 7 


(IC= 15 Adc. I B = 1 5 Adc) 

2N4398. 2N4399 


- 

1.85 



2N5745 


- 

2.0 


<I C = 20 Adc. I B = 2.0 Adc)** 

2N4398, 2N4399 


■ - 

2.5 


(l C = 20 Adc, l B =4.0 Adc) 

2N5745 


- 

2.5 


Base-Emitter On Voltaged) 


v BE(on) 



Vdc 

(l C = 10 Adc, V C E = 2.0 Vdc) 

2N5745 


- 

1.5 


(l C = 15 Adc, V C E = 20 Vdc) 

2N4398, 2N4399 


- 

17 


(IC = 20 Adc, V C E = 4.0 Vdc) 

2N5745 


- 

2.5 


(1C = 30 Adc, Vce = 4.0 Vdc) 

2N4398, 2N4399 


- 

3.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 
dc = 1.0 Adc, Vce = 10 Vdc. f = 1.0 MHz) 

2N4398, 2N4399 
2N5745 

fT 

40 

2.0 

: 

MHz 

Small-Signal Current Gain 
dc = 1.0 Adc, Vce = 1° Vdc, f * 1.0 kHz) 

hfe 

40 

- 

- 


SWITCHING CHARACTERISTICS (S— Figures 2 and 3) 


Rise Jime 

2N4398, 2N4399 

(Vcc = 30 Vdc. 2N5745 * 

l C = 10 Adc, 2N4398, 2N4399 

•Bl ='B2 = 1 OAdc) 2N5745 

2N4398, 2N4399 
2N5745 


_ 

0.4 

1.0 

,s 

Storage T ime 

ts 

- 

1 5 

2.0 

PS 

Fall Time 

tf 

- 

0.6 

1.0 

MS 


'Indicates JEDEC Registered Data. (l)Pulse Test: Pulse Width £300 ms, Duty Cycle^2.0%. 

’Motorola Guarantees this Data in Addition to JEDEC Registered Data, (^fy j s defined as the frequency at which |hf e | extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 2 - TURN-ON TIME FIGURE 3 - TURN-OFF TIME 



—►I I— — 1 0 to 100 

DUTY CYCLE 2.0% 



FOR CURVES OF FIGURES 5 & 6. R B . R L . & V cc ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 



t. TIME (jtxs) t, TIME (us) C. CAPACITANCE (nF) 


2N4398, 2N4399, 2N5745 








VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE, OC CURRENT GAIN (NORMALIZED) 


2N4398, 2N4399, 2N5745 


TYPICAL "ON" REGION CHARACTERISTICS 



0.03 0.05 0 07 0 1 0 2 0 3 0 5 0 7 1 0 2 0 3.0 5.0 7.0 10 20 30 

l c . COLLECTOR CURRENT (AMP) 

FIGURE 10 - COLLECTOR SATURATION REGION 



0.01 0 02 ' 0 03 0 05 0 07 0 1 0 2 0 3 0.5 0.7 1 0 2.0 3.0 5.0 7.0 10 

l B . BASE CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5 0 10 20 30 

l c , COLLECTOR CURRENT (AMP) 


FIGURE 12 - TEMPERATURE COEFFICIENTS 



0.03 0.05 0.1 0 2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

l c , COLLECTOR CURRENT (AMP) 


\ 
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rm, NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE 1C. COLLECTOR CURRENT (AMP) 


2N4398, 2N4399, 2N5745 


RATINGS AND THERMAL DATA 

FIGURE 13 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc~VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j ( p k) ^ 200°C. Tj( p k) may be 
calculated from the data in Figure 14. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 14 - THERMAL RESPONSE 



0 01 0 02 0.05 0 1 0 2 0 5 1 0 2 0 5 0 10 20 50 100 200 500 1000 

t. TIME OR PULSE WIDTH (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


tp 


DUTY CYCLE D t x f - -p 

ip 

PEAK PULSE POWER P P 


A train of periodical power pulses can be represented by the model 
as shown in Figure A. Using the model and the device thermal reponse, 
the normalized effective transient thermal resistance of Figure 14 
was calculated for various duty cycles. 

To find fljc(t), multiply the value obtained from Figure 14 by the 
steady state value 8j C ( oc ). 

Example: 

The 2N4398 is dissipating 100 watts under the following conditions: 
ti = 1.0 ms, tp = 5.0 ms. (D = 0.2) 

Using Figure 14, at a pulse width of 1.0 ms and D = 0.2, the reading 
of r (t) is 0.28. 

The peak rise in junction temperature is therefore 

AT = r(t) X Pp X 8 = 0.28 X 100 X 0.875 = 24.5° C 
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2N4877 (silicon) 


MEDIUM-POWER NPN SILICON TRANSISTOR 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = TO Vdc (Max) @ lc = 4.0 Amp 

• DC Current Gain Specified to 4 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space-Limited 

Applications. 


MAXIMUM RATINGS 


'Indicates JEDEC Registered Data 


THERMAL CHARACTERISTICS 


4 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

60 VOLTS 
10 WATTS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

70 

Vdc 

Emitter-Base Voltage 

. v EB 

5.0 

Vdc 

Collector Current - Continuous 

•c 

4.0 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

10 

Watts 

Derate above 25°C 


57.2 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

17.5 

°C/W 



d 

— A- 

-j-B 



if p ? 

TT/ 


~i L t 

I 


v — F 1 K 

L 


STYLE 1: p 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


— — IL— d 




dmESEsa 

■rani 


VIVM 


mWm\ 



KHM 

Ilixpfil 

■iicmi| 

■Q 

■;jiM 


■ijcij.1 

HKtKlJ 

HQH 

■Ulill 



BtW'JfliB 

'H31 



■iinU 

IiimB 

'H3I 




hnn.-B 

jig 


■new 

■ilillrj 

■mtul 





■iwni 


■ilUH 



■lilKgl 

m 


■ mklfc 




mil 

MM 

BBSEI 


u 

■*u 


■i»+hi 

91 


■CSX 

QuH 

MU? 

n 


■■DOB 

IBH 

ItJIWil 

iHIB 

■Biscnmi 


nmi 



liinlil 



All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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2N4877 


‘ELECTRICAL CHARACTERISTICS IT C - 25°C unless otherwise notedl 
Characteristic 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l C = 200 mAdc, l B = 0) 


Collector Cutoff Current 

(VcE = 70 Vdc, V EB(o f f ) = 
(V C E = 70 Vdc, V EB ( off ) = 

1.5 Vdc) 

1.5 Vdc, Tq - 100°C) 

Collector Cutoff Current 


(V CB = 70 Vdc, l E =0) 


Emitter Cutoff Current 


(V BE = 5.0 Vdc, l C = 0) 



ON CHARACTERISTICS! 1 ) 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(lC = 0.25 Adc, V CE = 10 Vdc, f = 1.0 MHz) 
(lC = 0.25 Adc, V CE = 10 Vdc, f = 10 MHz)** 

SWITCHING CHARACTERISTICS 




* Indicates JEDEC Registered bata. 

••Motorola guarantees this value in addition to JEDEC Registered Data. 

Note 1 : Pulse Test: Pulse Width < 300 (Jts, Duty Cycled 2.0%. 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 3 - SWITCHING TIME TEST CIRCUIT 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc~ ^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tj( p j<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k)< 200°C. At high case tem- 
peratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second break : 
down. 



-4.0 V 
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MEDIUM-POWER PNP SILICON TRANSISTORS 


. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance devices feature: 


GENERAL PURPOSE 
POWER TRANSISTORS 


• Low Saturation Voltage — VcE(sat) = 0.6 V max @ Iq = 1 .0 Amp 

• Excellent Safe Operating Area 

• Gain Specified to lc = TO Ampere 

• 2N4900 Complementary to NPN 2N4912 


MAXIMUM RATINGS 


40-80 VOLTS 
25 WATTS 
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2N4898 thru 2N4900 


ELECTRICAL CHARACTERISTICS (T c — 25 * C unless otherwise noted) 

Characteristic I Fiq. No. 


OFF CHARACTERISTICS 




Collector-Emitter Sustaining Voltage* 

(I = 0. 1 Adc, I = 0) 2N4898 

C B 2N4899 

2N4900 


BV 

CEO(sus) 

Collector Cutoff Current 
(V CE = 20 Vdc, I B = 0) 2N4898 

(V CE = 30 Vdc ’ l B = 0) 2N4899 

(V CE = 40 Vdc, I B = 0) 2N4900 


*CEO 

Collector Cutoff Current 

* V CE = Rated V CEO’ V BE(o£f) = L 5 Vdc) 

(V CE = Rated V CEQ) V BE(off) - 1. 5 Vdc, T c - 150»C) 

12 

*CEX 

Collector Cutoff Current 
< V CB = RatedV CB’ V 0 * 


X CBO 

Emitter Cutoff Current 
(V =5.0 Vdc. = 0) 

- 

X EBO 



ON CHARACTERISTICS 


DC Current Gain* 

8 

h * 




(I c = 50 mAdc, V CE =1.0 Vdc) 


FE 

40 

- 


(I- = 500 mAdc, V„ =1.0 Vdc) 



20 

100 


(I c = 1.0 Adc, V CE = 1.0 Vdc) 



10 

- 


Collector-Emitter Saturation Voltage* 

9 

V * 

v CE(sat) 



Vdc 

(I c = 1.0 Adc, I = 0.1 Adc) 

11 

13 

- 

0.6 


Base -Emitter Saturation Voltage* 

11 

v * 

BE (sat) 



Vdc 

(I c = 1.0 Adc, I B = 0. 1 Adc) 

13 

- 

1.3 


Base -Emitter On Voltage* 

11 

v * 

V BE(on) 



Vdc 

(I c = 1. 0 Adc, V CE =1.0 Vdc) 

13 

- 

1. 3 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c - 250 mAdc, V CE = 10 Vdc, f = 1. 0 MHz) 

- 

f T , 

3.0 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

" 

o 

o 

cr 

- 

100 

pF 

Small -Signal Current Gain 
(I c = 250 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

■ 

h. 

fe 

25 

- 

- 


Pulse Test: PW =300 iis, Duty Cycle » 2.0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 - TURN-ON TIME 
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2N4898 thru 2N4900 


FIGURE 8 - CURRENT GAIN 



0 Li 1-1 - L U LL U L J— LL LI Lull I, LLLULi 

2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 


l c , COLLECTOR CURRENT (mA) 


FIGURE 10 - EFFECTS OF BASE-EMITTER RESISTANCE 




TVZ I l l i l I — J • 

0 0.1 0.2 0.3 0.4 0.5 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 


COEFFICIENTS (mV/°C) 


FIGURE 9 - COLLECTOR SATURATION REGION 



FIGURE 11 - "ON" VOLTAGE 



FIGURE 13 - TEMPERATURE COEFFICIENTS 






2N4912 (SILICON) 


NPN SILICON TRANSISTOR 

. . . designed for driver circuits, switching, and amplifier applications. 
This high-performance device features: 

• Low Saturation Voltage - VcE(sat) = O- 6 v max @ <C = 1 0 Amp 

• Excellent Safe Operating Area 

• Gain Specified to lc = 1 .0 Amp 

• Complement to PNP 2N4900 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

Vdc 

Collector-Base Voltage 

V CB 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

* Vdc 

Collector Current — Continuous* 

ic* 

1.0 

Adc 

Base Current — Continuous 

>B 

1.0 

Adc 

Total Device Dissipation Tq = 25°C 

Derate above 25°C 

PD 

25 

0.143 

Watts 

mW/°C 

Operating & Storage Junction 

Temperature Range 

T J/ T stg 

-65 to +200 

I 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

7.0 

°C/W 


*The 1 .0 Amp maximum Iq value is based upon JEDEC current gain requirements. 



FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 


P D , POWER DISSIPATION (WATTS) 

=> o o O O 
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X 

0 20 40 60 ' 80 100 120 140 160 180 200 

. Tq, CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 


1 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

80 VOLTS 
25 WATTS 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIIV 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.1D5 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

! 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N4912 


ELECTRICAL CHARACTERISTICS (T q = 25°C unless otherwise noted) 

Characteristic " I Symbol j Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(l C = 0.1 Adc, l B -0) 

BVcEO(sus) 

80 

- 

Vdc 

Collector Cutoff Current 
(V CE =40 Vdc, l B =0) 

*CEO 

- 

0.5 

mAdc 

Collector Cutoff Current 

(V C £ = Rated V CE0 , V EB ( off ) = 1 .5 Vdc) 

( V CE = Rated V CE 0, V EB ( 0 ff ) “ 1 -5 Vdc, T c = 1 50°C) 

*CEX 

- - 

0.1 

1.0 

mAdc 

Collector Cutoff Current 

(Vcb = Rated Vqb. 1 E = 0) 

'CBO 

— 

0.1 

mAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l C = 0) 

•ebo 

~ 

1.0 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 50 mAdc, V CE = 1.0 Vdc) 

(l c = 500 mAdc, V CE = 1.0 Vdc) 

(l c = 1.0 Adc, V CE = 1.0 Vdc) 

h F E 

40 

20 

10 

100 


Collector-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B =0.1 Adc) 

v CE(sat) 

— 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B =0.1 Adc) 

v BE(sat) 

— 

1.3 

Vdc 

Base-Emitter On Voltage 

(l c = 1.0 Adc, V CE - 1.0 Vdc) 

v BE(on) 

— 

1.3 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

*T 

3.0 

- 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

~ 

100 

pF 

Small-Signal Current Gain 

(l C = 250 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

— 



(1) Pulse Test: Pulse Width = 300 ns. Duty Cycle = 2.0%. 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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r(t), TRANSIENT THERMAL RESISTANCE, NORMALIZED 


2N4912 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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l c , COLLECTOR CURRENT (mA) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc— V C e limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

The data of Figure 5 is based on Tj( p i,) = 
200°C; T c is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro- 
vided Tjipi) ^ 200°C. Tj(pk) may be calculated 
from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 



I c , COLLECTOR CURRENT (mA) 


/ 
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Ic-COLLECTOR CURRENT IfjA) Rbe. EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 


2N4912 


TYPICAL DC C 


FIGURE 8 - CURRENT GAIN 
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FIGURE 10 - EFFECTS OF BASE-EMITTER RESISTANCE 



FIGURE 12 - COLLECTOR CUTOFF REGION 



FIGURE 9 - COLLECTOR SATURATION REGION 
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l B , BASE CURRENT (mA) 
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l c . COLLECTOR CURRENT (mA) 



FIGURE 13 - TEMPERATURE COEFFICIENTS 
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2N4918 thru 2N4920 (SILICON) 


MEDIUM-POWER PLASTIC PNP SILICON TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage - VcE(sat) = 0.6 Vdc (Max) @ Iq = 1.0 
Amp 

• Excellent Power Dissipation Due to Thermopad Construction — 

P D = 30I@Tc = 25°C 

• Excellent Safe Operating Area 

• Gain Specified to lc = 10 Amp 

• Complement to NPN 2N4921, 2N4922, 2N4923 


"MAXIMUM RATINGS 


~ Ratings 

Symbol 

2N4918 

2N4919 

2N4920 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

< 

m 

03 

— 5.0 

Vdc 

Collector Current — Continuous (1) 

'c* 

— 1.0 — 

— 3.0 - 

Adc 

Base Current 

>B 

— 1.0 

Adc 

T otal Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

30 

0.24 

Watts 

W/°C 

Operating & Storage Junction 
Temperature Range 

T J' T stg 

— -65 to +150 — - 

°C 


THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

4.16 

°C/W 


•Indicates JEDEC Registered Data for 2N4918 Series 

( 1 ) The 1 .0 Amp maximum Iq value is based upon JEDEC current gain requirements. 
The 3.0 Amp maximum value is based upon actual current-handling capability of the 
device (See Figure 5). 

(2) Recommend use of thermal compound for lowest thermal resistance. 



3 AMPERE 
GENERAL-PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 WATTS 







\__j\ 

ni 


ip- 


K 

LI 


s m- R 

c style i 
pin 1 


EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

"gI 

2.31 

2.46 

0.091 

0.097 

IT 

1.27 

2.41 

0.050 

0.095 

j 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3' 

TYP 

3° T 

YP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 
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2N4918 thru 2N4920 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise r 
| Characteris tic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) _ 

(l C - 0.1 Adc, l B = 0) 2N4918 


v CEO(sus) 


Collector Cutoff Current 

(V CE = 20 Vdc, l B =0) 2N4918 

(V C e = 30 Vdc, l B = 0) 2N4919 

( V CE = 40 Vdc, l B = 0) 2N4920 

Collector Cutoff Current 

(Vce = Rated V CE q. ^BE(off) = 1.5 Vdc) 

( V CE = Rated V CE0 , V BE(off , = 1.5 Vdc.T C = 125°C) 
Collector Cutoff Current 
(V CB = Rated V CB , l E = 0) 

Emitter Cutoff Current 
IV BE = 5.0 Vdc, l C = 0) 

ON CHARACTERISTICS 
DC Current Gain (1) 

(l C = 50 mAdc, V C E = 1-0 Vdc) 

(l C = 500 mAdc, V C e = 1.0 Vdc) 

(l C = 1.0 Adc. V CE = 1.0 Vdc) 




Collector-Emitter Saturation Voltage (1) 

(lC = 1-0 Adc, l B = 0.1 Adc) 

10 

12 

14 

Vce (sat) 

Base-Emitter Saturation Voltage (1) 

(IC= 1.0 Adc, l B = 0.1 Adc) 

12 

14 

v BE(sat) 

Base-Emitter On Voltage (l) 
dc= 1.0 Adc, V CE = 1.0 Vdc) 



v BE(on) 


SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(l C = 250 mAdc, V CE = 10 Vdc. f = 1.0 MHz) 


utput Capacitance 
(V CB = 10 Vdc, l E = 0, f= 100kHz) 


Small-Signal Current Gain 

(lC = 250 mAdc, V CE = 10 Vdc, f = 1.0kHz) 













r(t). TRANSIENT THERMAL RESISTANCE 

'.STORAGE TIME {ms) 1C, COLLECTOR CURRENT (AMP) NORMALIZED 


2N4918 thru 2N4920 






RBE. EXTERNAL BASE-EMITTER 

1C. COLLECTOR CURRENT foA) RESISTANCE (OHMS) _ h F E, DC CURRENT GAIN 


2N4918 thru 2N4920 


TYPICAL DC CHARACTERISTICS 


FIGURE 8 - CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 



2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

1C, COLLECTOR CURRENT (mA) 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 


IB, BASE CURRENT (mA) 



0 30 60 90 120 150 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 11 - “ON” VOLTAGE 



FIGURE 12 - COLLECTOR CUTOFF REGION 




■2.5 Li— L U LLLLi L .LI L„ Llii lii I III I M 1111 I I 

2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 


1C. COLLECTOR CURRENT (mA) 
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2N4921 thru 2N4923 (SILICON) 


MEDIUM-POWER PLASTIC NPN SILICON 
TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage -VcElsat) 111 0.6 Vdc (Max) @ I C = 1 0 Amp 

• Excellent Power Dissipation^Due to Thermopad 

Construction — Pd = 30 W @ Tc = 25°C 

• Excellent Safe Operating Area 

• Gain Specified to I q = 1.0 Amp 

• Complement to PNP 2N4918, 2N4919, 2N4920 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N4921 

2N4922 

2N4923 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

. 80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

50 

Vdc 

Collector Current - Continuous (1) 

•c 


1 0 — 


Adc 




30 — 



Base Current — Continuous 

( B 

— 1.0 — 

Adc, 

Total Power Dissipation @ Tq = 25°C 

?D 


30 


Watts 

Derate above 25°C 



0 24 


W/°C 

Operating & Storage Junction 

Tj. T s tg 


-65 to +150 

-°C 

Temperature Range 







THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 


Unit 

Thermal Resistance, Junction to Case 

0JC 

4.16 

°C/W 


(1) The 1.0 Amp maximum 1^ value is based upon JEDEC current gain requirements. 

The 3.0 Amp maximum value is based upon actual current handling capability of the device 
(see Figures 5 and 6). 

(2) Recommend use of thermal compound for lowest thermal resistance. 

* Indicates JEDEC Registered Data. 


FIGURE 1 - POWER DERATING 



3 AMPERE 
GENERAL-PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 WATTS 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 
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2N4921 thru 2N4923 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Figure No. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ( 1 ) 

- 

v CEO(sus) 



Vdc 

(l C = 0.1 Adc, l B = 0) 2N4921 



40 

- 


2N4922 



60 

- 


2N4923 



80 

- 


Collector Cutoff Current 

- 

'CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 2N4921 



- 

0.5 


<V CE = 30 Vdc, 1 B = 0) 2N4922 



- 

0.5 


(V CE = 40 Vdc, 1 B = 0) 2N4923 



- 

0.5 


Collector Cutoff Current 


*CEX 




(Vce = Rated V CE0 , V EB (off) = 1-5 Vdc) 



- 


||i|H 

(V C e = Rated V CE0 , V EB ( of f) = 1.5 Vdc, Tq = 125°C) 



- 


■ 

Collector Cutoff Current 

- 

‘CBO 




(Vcb = Rated Vcb. Ie = 0) 



- 

0.1 

wm 

Emitter Cutoff Current 

- 

'ebo 



mAdc 

(V EB = 5.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain ( 1 ) 

9 

hpE 



- 

(l c = 50 mAdc, V CE = 1 .0 Vdc) 



40 

- 


(l c = 500 mAdc, V CE = 1 .0 Vdc) 



20 

100 


(l C = 1.0 Adc, V CE = 1.0 Vdc) 



10 

- 


Collector-Emitter Saturation Voltage (1) 

10 

v CE(sat) 



Vdc 

(l c = 1.0 Adc, l B = 0.1 Adc) 

12 


- 

0.6 



14 





Base-Emitter Saturation Voltage (1) 

12 

v BE(sat) 



Vdc 

(l C = 1.0 Adc, l B - 0.1 Adc) 

14 


- 

1.3 


Base-Emitter On Voltage (1) 

12 

v BE(on) 



Vdc 

(l c = 1.0 Adc, V CE = 1.0 Vdc) 

14 


- 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


CUrrent-Gain — Bandwidth Product 

(1C = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 

- 

*T 

3.0 

_ 

MHz 

Output Capacitance 
(V C B = 10 Vdc ' 'e = 0. f = 100 kHz) 

- 

c ob 

_ 

100 

PF 

Small-Signal Current Gain 

(l C = 250 mAdc, V C e = 10 Vdc, f = 1.0 kHz) 

- 

h fe 

25 

- 

— 


(1) Pulse Test: PW% 300 ps, Duty Cycle % 2.0%. 
* Indicates JE DEC Registered Data 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 



FIGURE 3 - TURN-ON TIME 



4-105 







2N4921 thru 2N4923 



FIGURE 5 - ACTIVE - REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Iq - Vqe operation 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; 
Tc is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) — 150°C. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 









I c , COLLECTOR CURRENT A) R BEi EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 


2N4921 thru 2N4923 










2N503 

2N503 





NPN SILICON TRANSISTORS 

. . . fast switching speeds and high current capacity ideally suit these 
parts for use in switching regulators, inverters, wide-band amplifiers 
and power oscillators in industrial and commercial applications. 

• High Speed -tf = 0.5 jus (Max) 

• High Current - lc(max) = 30 Amps 

® Low Saturation - VcE(sat) = 2.5 V (Max) @ lc =* 20 Amps 


* MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak (1) 

Base Current — Continuous lg 

Total Device Dissipation @ Tq = 25°C Pp 

Derate above 25°C 

Operating and Storage Junction Tj, T stg 

Temperature Range 


THERMAL CHARACTERISTICS 

1 • Characteristic 


Thermal Resistance, Junction to Case 


•Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width < 10 ms, Duty Cycle < 50%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

120 and 150 VOLTS 
140 WATTS 


Symbol 

2N5038 

2N5039 

v CBO 

150 

120 

VCEV 

150 

120 

v EBO 

7 

«C 

20 

'cm 

30 


H V 

0 



2N5038 
lc = 12 Amps 
*B1 = *B2 = 1-2 Amps 



2N5039 
lc * 10 Amps 
■ b i ~ l{32 ~ 1-0 Amps 
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I C , COLLECTOR CURRENT (AMPS) 


2N5038, 2N5039 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 


| Characteristic | Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(Iq - 200 mAdc, l B = 0) 

2N5038 

2N5039 



- 

Vdc 

Collector Cutoff Current 


*CEX 



mAdc 

(V CE = 140 Vdc, V BE (off) = 1-5 V) 

2N5038 


- 

50 


(V CE = 110 Vdc, V BE ( off ) = 1 .5 V) 

2N5039 


- 

50 


(V CE = 100 Vdc, V BE ( 0 ff) = 1.5 Vdc, Tq = 150°C) 

2N5038 


- 

10 


(V CE = 85 Vdc, V BE ( off ) = 1 .5 Vdc, Tq = 1 50°C) 

2N5039 


- 

10 


Emitter Cutoff Current 


■ebo 



mAdc 

(V EB = 5Vdc, l C =0) 

2N5038 


- 

5 



2N5039 


- 

15 


(V E B = 7Vdc, l C =0) 

Both 


- 

50 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 12 Adc, V CE = 5 Vdc) 

(Iq = 10 Adc, V CE = 5 Vdc) 

2N5038 

2N5039 

h F E 

20 

20 

100 

100 


Collector-Emitter Saturation Voltage 
(Iq = 20 Adc, l B = 5 Adc) 


v CE(sat) 

— 

2.5 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 20 Adc, l B = 5 Adc) 


v BE(sat) 

— 

3.3 

Vdc • 


DYNAMIC CHARACTERISTICS 


Magnitude of Common-Emitter Small-Signal Short-Circuit 

|hf e l 

12 

- 

_ 

Forward Current Transfer Ratio 





(Iq = 2 Adc, V CE = 10 Vdc, f = 5 MHz) 






SWITCHING CHARACTERISTICS 


RESISTIVE LOAD | 

Rise Time 

(V CC = 30 Vdc) 

(Iq = 12 Adc, l B i = l B 2 = 12Adc) 2N5038 
(l c = 10 Adc, I B1 = l B2 = 1 Adc) 2N5039 

t r 

- 

0.5 

PS 

Storage Time 

ts 

- 

1.5 

PS 

Fall Time 

tf 

- 

0.5 

PS 


‘Indicates JEDEC Registered Data. 


(1 ) Pulse Test: Pulse Width < 300 jus. Duty Cycle < 2%. 


FIGURE 2 - FORWARD BIAS SAFE OPERATING AREA 



There are two limitations on the power handling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq E limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

Second breakdown pulse limits are valid for duty cycles to 
10%. At high case temperatures, thermal limitations may reduce 
the power that can be handled to values less than the limitations 
imposed by second breakdown. 
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2N5050 (SILICON) 

2N5051 

2N5052 


MEDIUM-POWER NPN SILICON TRANSISTORS 


. . . designed for untuned amplifier and switching applications. 

• High Voltage Ratings — 

VCEO = 125, 150 and 200 Vdc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) - 1.0 Vdc (Max) @ I c = 0.75 Adc 

• Packaged in the Compact, High Efficiency TO-66 Case 


2 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

125-200 VOLTS 
40 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5050 

2N5051 

2N5052 

Unit 

Collector-Emitter Voltage 

VCEO 

125 

150 

200 

Vdc 

Collector-Base Voltage 

VCB 

125 

150 

200 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

1 C 

2.0 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

40 

0.266 

Watts 

W/°C 

Operating Junction Temperature Range 

tj 

-65 to +175 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 



"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

-gJC 

3.76 

°C/W 


* Indicates JEDEC Registered Data. 



3.0 5.0 10 20 30 50 100 200 300 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — Vce limits below 
which the device will hot enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid, causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


SEATING PLAI 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
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mm 
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mm 




msflj 

mnijiw 






\MM 

KSK 


IQ 

rifiTTiM 

o 




rtfiif 



Ena 

^oa 


mm 


ma 

B 

FILM 

f 


u&m 


FT+JiM 



All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N5050, 2N5051, 2N5052 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


*OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

(Iq = 200 mAdc, l B = 0) 

2N5050 

2N5051 

2N5052 

v CE0(sus) 

125 

150 

200 

- 

Vdc 

Collector-Emitter Cutoff Current 


l CEO 



mAdc 

(V CE = 62.5 Vdc, l B = 0) 

2N5050 


- 

0.1 


(V CE = 75 Vdc. I B - 0) 

2N5051 


- 

0.1 


(V C E = 100 Vdc, l B = 0) 

2N5052 


- 

0.1 


Collector-Emitter Cutoff Current 


>CEX 



mAdc 

(V C E = Rated V CE0 , V EB ( off ) = 1.5 Vdc) 



- 

0.5 


(V C e = Rated V CE0 . V EB(off ) = 1.5 Vdc, T C = 150°C) 



- 

5.0 


Emitter-Base Cutoff Current 


'EBO 

- 

0.1 

mAdc 

(V be = 6.0 Vdc, l c = 0) 







*ON CHARACTERISTICS 


DC Current Gain (Note 1) 

(l C = 0.75 Adc, Vqe = 5.0 Vdc) 




- 

(l C = 1.0 Adc, V C E = 5.0 Vdc) 





(lC = 2.0 Adc, Vqe = 5.0 Vdc) 





Collector-Emitter Saturation Voltage (Note 1) 

(Iq = 0.75 Adc, l B = 0.1 Adc) 


_ 


Vdc 

(Iq = 2.0 Adc, 1 B = 0.4 Adc) 


- 



Base-Emitter On Voltage (Note 1) 

(l C = 0.75 Adc, V CE = 5.0 Vdc) 


- 

1.2 

Vdc 


♦DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(Iq = 250 mAdc, V CE = 10 Vdc, f = 5.0 MHz) 

fT 

10 

- 


Small-Signal Current Gain 
(l C = 250 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

25 

- 

- 

Common Base Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

C 0 b 

- 

250 

pF 


*SWITCHING CHARACTERISTICS 


Rise Time 

(Vqq = 120 Vdc, l c = 750 mAdc, 

Rq = 150 Ohms, 

1 b 1 = 1 B2 = ICC mAdc) 

t r 

- 

300 

ns 

Storage Time 

ts 

- 

3.5 

MS 

Fall Time 

tf 

- 

1.2 

MS 


‘indicates JE DEC Registered Data. Note 1 : Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^2.0%. 


FIGURE 2 - THERMAL RESPONSE 



t, TIME (ms) 
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2N5190 thru 2N5192 (silicon) 


SILICON NPN POWER TRANSISTORS 

... for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to PNP 2N5193, 2N5194, 2N5195 


♦ MAXIMUM RATINGS 


Rating 

Symbol 

2N5190 

2N5191 

2N5192 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V C B 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

= 5 0 

Vdc 

Collector Current 

'c 

. 4.0 

Adc 

Base Current 

'B 

1.0 — 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

pd 

40 

320 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J> T stg 

65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

°C/W 


♦ELECTRICAL CHARACTERISTICS <T C = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Co 1 lector-E m it ter Sustaining Voltage ( 1 
( 1 C = 0.1 Adc, l B =0) 

2N5190 

2 N 5 1 9 1 

2N5192 

v CEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

( V CE =40 Vdc, 1 B = 0) 

2N5190 


- 

1.0 


(V CE =60 Vdc, l B =0) 

2N5191 


- 

1.0 


(V C E =80 Vdc, l B =0) 

2N5192 


- 

1.0 


Collector Cutoff Current 


'CEX 



m Adc 

(V CE =40 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5190 


- 

0.1 


( Vqe = 60 Vdc, V E B ( 0 ff ) = 1 .5 Vdc) 

2N5191 


- 

0.1 


(V C E =80 Vdc, V EB(of f) = ) 5 V dc) 

2N5192 


- 

0.1 


( V C E =40 Vdc, V E B ( 0 f f ) = 1.5 Vdc, 

2N5190 • 


- 

2.0 


T c = 1 25°C) 






(VcE=60Vdc, V EB ( 0 ff) = 1.5Vdc, 

2N5191 


- 

2.0 


T C =125°C) 






(V C E =80 Vdc, V EB(off ) = 1.5 Vdc, 

2N5192 


- 

2.0 


T C = 1 25°C) 






Collector Cutoff Current 


'CBO 



mAdc 

( Vc B =40 Vdc, l E =0) 

2N5190 


- 

0.1 


(V CB =60 Vdc,l E =0) 

2N5191 


- 

0.1 


(V CB =80 Vdc,l E =0) 

2N5192 


- 

0.1 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE =5.0 Vdc, 1 C = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gam(l) 

(IC = 1.5 Adc, V CE =2.0 Vdc) 2N5190 

2N5191 

2N5192 

(l C = 4.0 Adc. V CE =2.0 Vdc) 2N5190 

2N5191 

2N5192 

hFE 

25 

25 

20 

10 

10 

7.0 

100 

100 

80 


Collector-Emitter Saturation Voltage(l) 

<1 C = 1 -5 Adc. I B =0.15 Adc) 

0C = 4.0 Adc, l B = 1 .0 Adc) 

v CE(sat) 

- 

0.6 

1.4 

Vdc 

Base-EmitterOn Voltage(l) 

Oc-I.BAdc, V C e = 2.0 Vdc) 

v BE(on) 

_ 

1.2 

Vdc 

DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dC= 1-0 Adc. Vce = 10 Vdc,f=1.0MHz) 

*T 

2.0 

_ 

MHz 


Impulse Test: Pulse Width <300 /is, Duty Cycle <2.0%. 
'Indicates JEDEC Registered Data 


4 AMPERE 

POWER TRANSISTORS 
SILICON NPN 

40-80 VOLTS 
40 WATTS 




PH 

Mssssns^ 

INCHES | 

m 

ViWM 

EM 

EEM1 

A 

U>Mi 

IlliM 

EKB1 

HSU 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

IiKiliua 

■ihhm 

D 

■iMB 

mm 

liliHiB 

iiliWrM 

F 

2.92 

mm 



G 

2.31 

2.46 

0.091 

wmm 

El 

Hu 

«!■ 

UiKw 

nnun 

J 

0.38 

tow 

0.015 


E9 

mm 




in 

3 

TYP 

3° TYP 

Q 

3.76 

4.01 

Imiil 

HEQB 

R 

1.14 

1.40 


0.055 

S 


liI=M 


KHEm 

U 

3.68 

3.94 


Knir-i 

V 


- 

Ml 

- 


CASE 77-04 
TO-126 


4-112 





VOLTAGE (VOLTS) VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN (NORMALIZED) 


2N5190 thru 2N5192 



0.004 0.007 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C, COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IB, BASE CURRENT (mA) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C, COLLECTOR CURRENT (AMP) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C, COLLECTOR CURRENT (AMP) 
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2N5190 thru 2N5192 



.4 -0.3 -0.2 -0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 

Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 


TURN-ON PULSE 




0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 4.0 

1C. COLLECTOR CURRENT (AMP) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 



FIGURE 8 - CAPACITANCE 



FIGURE 10 - TURN-OFF TIME 



1C, COLLECTOR CURRENT (AMP) 


H14 












2N5190 thru 2N5192 


FIGURE 11 RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - VqE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 11 is based on Tj( p |<) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj{p|<) <150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. 


FIGURE 12 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 
t p 



I I 

H Iff -1 „ 

DUTY CYCLE D = Iff = - 
l P 

PEAK PULSE POWER = P p 


A tram of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 12 was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 12 by 
the steady state value 0jq. 

Example: \ 

The 2N5190 is dissipating 50 watts under the following condi- 
tions: ti = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r (t-j , D) is 0.27. 

The peak rise in junction temperature is therefore: , 

aT = r(t) X P P X 0 JC = 0.27 X 50 X 3.1 2 = 42.2°C 
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2N5193 thru 2N5195 (SILICON) 


SILICON PNP POWER TRANSISTORS 

. . . for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 


•MAXIMUM RATINGS 


Rating 

Symbol 

2N5193 

2N5194 

2N5195 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 ► 

Vdc 

Collector Current 

>C 

4.0 

Adc 

Base Current 

■b 

1.0 ► 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

P D 

-d 40 ► 

-a 320 ► 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-e 65 to +150 ► 

°C/W 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

3.12 

°C/W 


'ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

<I C = 0.1 Adc, l B = 0) 2N5193 

2N5194 

2N5195 

v CEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 

•CEO 



mAdc 

( V C £ = 40 Vdc, 1 B = 0) 2N5193 


- 

1.0 


(V CE - 60 Vdc, l B “ 0) 2N5194 


- 

1.0 


IVCE = 80 Vdc, 1 B = 0) 2N5195 


- 

1.0 


Collector Cutoff Current 

*CEX 



mAdc 

(V C E - 40 Vdc, V BE(off) - 1.5 Vdc) 2N5193 


- 

0.1 


IV CE - 60 Vdc, V BE(o , f ) - 1.5 Vdc) 2N5194 


- 

0.1 


(V CE - 80 Vdc, V BE ( 0 ff) - 1.5 Vdc) 2N5195 


- 

0.1 


1V CE * 40 Vdc, V BE(off) - 1.5 Vdc, 2N5193 


- 

2.0 


T C “ 125°C) 





(V CE = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc, 2N5194 


- 

2.0 


T C » 125°C) 





(V C E » 80 Vdc, V BE ( 0 ff) » 1.5 Vdc, 2N5195 


- 

2.0 


T C - 125°C) 





Collector Cutoff Current 

'CBO 



mAdc 

IVCB ” 40 Vdc, l E « 0) 2N5193 


_ 

0.1 


(Vce"60Vdc, l E -0) 2N5194 


- 

0.1 


<V CB “ 80 Vdc, l E - 0) 2N5195 


- 

0.1 


Emitter Cutoff Current 

•ebo 



mAdc 

IV BE « 5.0 Vdc, l C -0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

<IC - 1 5 Adc, V C E - 2.0 Vdc) 2N5193 

2N5194 

2N5195 

(l C - 4.0 Adc, V C E “ 2.0 Vdc) 2N5193 

2N5194 

2N5195 

h FE 

25 

25 

20 

10 

10 

7.0 

100 

100 

80 

I 

Collector-Emitter Saturetion Voltage (1) 

VcE(set) 


■N 


«C ■ 1.5 Adc, l B « 0.15 Adc) 





(l C “ 4.0 Adc, l B * 1.0 Adc) 



ms 


Base-Emitter On Voltage (1) 

v BE(on) 


mm 


He - 1.6 Adc, V C E - 2.0 Vdc) 


- 




DYNAMIC CHARACTERISTICS 


Current-Gain-Bondwidth Product 

fT 

■■ 



( lc ** 1 0 Adc. Vqb m 1 0 Vdc. f - 1 .0 MHi) 


■ 




‘Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Widths* 300 j<s. Duty Cycle t£2.0%. 


4 AMPERE 

POWER TRANSISTORS 
SILICON PNP 

40-80 VOLTS 
40 WATTS 




STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 
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■iiikva 
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■Klil 
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CASE 77-04 
TO-126 


4-116 













VOLTAGE (VOLTS) VQE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, DC CURRENT GAIN (NORMALIZED) 


2N5193 thru 2N5195 


FIGURE 1 - DC CURRENT GAIN 



0.004 0.007 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C, COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


IB, BASE CURRENT (mA) 




0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0. 2.0 3.0 4.0 0.005 0.01 0.020.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.04.0 

1C, COLLECTOR CURRENT (AMP) lc, COLLECTOR CURRENT (AMP) 
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t, TIME ins) ' _ Ic, COLLECTOR CURRENT (/iA) 


2N5193 thru 2N5195 



+0.4 +0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6 

Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 



FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 


FIGURE 8 - CAPACITANCE 


TURN-ON PULSE 
VBE(off) -n 

APPROX -11V |4- 



VCC 

O- 


c R c 

I WV 1 

Vin R B LX* ° S 

o-^wv— • — r 


APPROX _ 

+9.0 V c jd<< c eb.X. 


6 


TURN-OFF PULSE 


ti <7.0 ns 
100 <t2 <600 ns 
t 3 < 15 ns 

DUTY CYCLE* 2.0% 


R B AND R C VARIED 
TO OBTAIN DESIRED 
CURRENT LEVELS 



FIGURE 9 - TURN-ON TIME FIGURE 10 - TURN-OFF TIME 
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2N5193 thru 2N5195 


FIGURE 11 

RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Note 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 11 is based on Tj( p |<) =, 1 50°C. Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. At high-case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



FIGURE 12 - THERMAL RESPONSE 



DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 
t p 



I 1/1 ti 

DUTY CYCLE D *tvf s r- 
T P 

PEAK PULSE POWER = P p 


A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
F igure 1 2 was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 12 by 

the steady state value 0 jc- 

Example: 

The 2N5193 is dissipating 50 watts under the following condi- 
tions: ti = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r (t i , D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT « r(t) X Pp X 0 jc = 0.27 X 50 X 3.12 = 42.2°C 
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2N5301 

2N5302 

2N5303 


HIGH-POWER NPN SILICON TRANSISTORS 

. . • for use in power amplifier and switching circuits applications. 

• High Collector-Emitter Sustaining Voltage - 

BVcEO(sus) = 80 Vdc (Min) @ l C = 200 mAdc (2N5303) 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0 75 Vdc (Max) @ lC = 10 Adc (2N5301, 2N5302) 
1.0 Vdc (Max) @ lc = 10 Adc (2N5303) 

• Excellent Safe Operating Area — 

200 Watt dc Power Rating to 30 Vdc (2N5303) 

• Complements to PNP 2N4398, 2N4399 and 2N5745 


20 AND 30 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
200 WATTS 


‘MAXIMUM RATINGS 


Rating 

Symbol 




Unit 

Collector-Emitter Voltage 

v CEO 

40 




Coljector-Base Voltage 

V CB 

40 

60 

80 


Collector Current — Continuous 

ic 

30 

30 



Base Current 

*B 

— - 7.5 

Adc 

Total Device Dissipation @Tc=25°C 
Derate above 25°C 

PD 

200 — 

1.14 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

— -65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

0.875 

°C/W 

Thermal Resistance, Case to Ambient 

d CA 

34 

°c/w 


* Indicates JEDEC Registered Data. 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


B 

cnasEHBig 

BBEHHiaB! 

EH 
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Hi 

— 
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BB 
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■iKnI 

■ilETiIil 
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beb 


■HiLkl 

B9I 

bbb 


be 

'mseM, 

mm 


McfilEM 


mm, 


iur.im 

llAU 


■ilR-fil' 

BOB 


bssb 

fciWIil 



IldrtM 

imu 



mm 

tUUW 

IHM 



BOB 

fcWEM 


■ilHl 

■i»HB 

beb 

BSBB 


BE9B 

BH501 


Collector connected to c 
CASE 11-01 
(TO-3) 
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ELECTRICAL CHARACTERISTICS (Tc = 25° unless otherwise noted) 


•OFF CHARACTERISTICS 


ON CHARACTERISTICS 


•DYNAMIC CHARACTERISTICS 


SWITCHING CHARACTERISTICS 

ftise Time 


(V C C “ 30 Vdc, I C - 10 Adc, l B1 - i B2 - 1.0 Adc) 


•indicates JE DEC Raglstarad Data. 

Notal: Pulse Test: Pulse Width £ 300 m*. Duty Cycla ^ 2.0%. 


| Unit ~| 


Collector-Emitter Sustaining Voltage (Note 1) 

(l C = 200 mAdc, l B »0) 

2N 5301 

2N5302 

2 N 5303 

v CEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(Vqe- 40 Vdc, 1 B — 0> 

2N5301 


- 

5.0 


(VcE”60Vdc, l B -0) 

2N5302 


- 

5.0 


(V C E - 80 Vdc, l B - 0) 

2N5303 


- 

5.0 


Collector Cutoff Current 


ICEX 



mAdc 

(V C E - 40 Vdc, VEBloff) = 1-6 Vdc) 

2N 5301 


- 

1.0 


(Vce = 60 Vdc, V BB ( 0 ff) - 1.5 Vdc) 

2N5302 


- 

1.0 


(V C E » 80 Vdc, V EB ( off ) - 1.5 Vdc) 

2N5303 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(V C E “ 40 Vdc, V EB ( of f) - 1.5 Vdc, T C - 150°C) 

2N5301 


- 

10 


(Vce * 60 Vdc, V EB (off) - 1.5 Vdc, T c - 150°C) 

2N5302 


- 

10 


(Vce = 80 Vdc, V EB ( of f) - 1.5 Vdc, T c “ t50°C) 

2N5303 


- 

10 


Collector Cutoff Current 


•CBO 



mAdc 

(V C B “ 40 Vdc, l E “ 0) 

2N5301 


- 

1.0 


(V C B " 60 Vdc, 1 E “ 0) 

2N5302 


- 

1.0 


(V CB “ 80 Vdc, l E ~ 0) 

2N5303 


- 

1.0 


Emitter Cutoff Current 


•ebo 

- 

5.0 

mAdc 

(V BE » 5.0 Vdc. I C “ 0) 







DC Current Gain (Note 1) 


h FE 



- 

•(l C - 1 o Adc, V C E ■ 2.0 Vdc) 

ALL TYPES 


40 

- 


*<I C - 10 Adc, V C e “ 2.0 Vdc) 

2N5303 


15 

60 


*(I C = 15 Adc, V C e “ 2 0 Vdc) 

2N5301.2N5302 


15 

60 


(l C = 20 Adc, V C E “4.0 Vdc) 

2N5303 


5.0 

- 


(l C - 30 Adc, Vce “ 4.0 Vdc) 

2N5301.2N5302 


5.0 



•Collector-Emitter Saturation Voltage (Note 1) 


VcE(sat) 



Vdc 

(l C “ 10 Adc. I B “ 1.0 Adc) 

2N5301.2N5302 


- 

0.75 


<I C = 10 Adc. I B = 1.0 Adc) 

2N5303 


- 

1.0 


(lC = 15 Adc, 1 B =» 1.5 Adc) 

2N5303 


- 

1.5 


(l C = 20Adc, l B = 2.0 Adc) 

2N 530 1,2N 5302 


- 

2.0 


(lC = 20 Adc, l B = 4.0 Adc) . 

2N5303 


- 

2.0 


(lC = 30 Adc, l B = 6.0 Adc) 

2N5301.2N5302 


- 

3.0 


•Base-Emitter Saturation Voltage (Note 1) 


VBE(sat) 



Vdc 

(l C = 10 Adc, 1 B — 1 .0 Adc) 

ALL TYPES 


- 

1.7 


(lC “ 15 Adc, l B = 1.5 Adc) 

2N5301.2N5302 


- 

1.8 


(lC “ 15 Adc, l B - 1.5 Adc) 

2N5303 


- 

2.0 


(lC “ 20 Adc, l B ** 2.0 Adc) 

2N5301.2N5302 


- 

2.5 


(l C -20 Adc. I B = 4.0 Adc) 

2N5303 


- 

2.5 


•Base-Emitter On Voltage (Note 1) 


v BE(on) 



Vdc 

(lC “ 10 Adc, Vce “ 2.0 Vdc) 

2N5303 


- 

1.5 


(l C “ 15 Adc. Vce- 2.0 Vdc) 

2N5301.2N5302 


- 

1.7 


ll C - 20 Adc. V C e “ 4.0 Vdc) 

2N5303 


- 

2.5 


dc - 30 Adc, V C E " 4.0 Vdc) 

2N5301.2N5302 



3.0 



Current-Gain-Bandwidth Product 
(l C - 10 Adc, V C e “ 10 Vdc, f - 1.0 MHz) 

fT 

2.0 


MHz 

Small-Signal Current Gain 
(l C - 1.0 Adc, V C E ■ 10 Vdc, f- 1.0 kHz) 

hfe 

40 




tr 

- 

1.0 

A* 

ts 

- 

2.0 

M* 

tf 

- 

1.0 

M* 


FIGURE 2 - TURN-ON TIME 

Vec 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 3 - TURN-OFF TIME 
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2N5301, 2N5302, 2N5303 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 6 - CAPACITANCE versus VOLTAGE 






0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 0 03 0.05 0.1 0.3 0.5 1.0 3.0 5.0 10 30 

1C, COLLECTOR CURRENT (AMP) Iq, COLLECTOR CURRENT (AMP) 
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MEDIUM-POWER NPN SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 -2 Vdc (Max) @ lc = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 
® Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space-Limited 

Applications 

• Complement to 2N61 90 thru 2N61 93 


MAXIMUM RATINGS 


5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

80-100 VOLTS 
6 WATTS 


Rating 

Symbol 

2N5336 

2N5337 

2N5338 

2N5339 

ujji 

Collector-Emitter Voltage 

v CEO 

80 

100 

HB9I 

Collector-Base Voltage 

V C B 

80 

HES 

HZ3B 


Emitter-Base Voltage 


Collector Current — Continuous 
Base Current 


Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Case 
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2N5336 thru 2N5339 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, unless otherwise noted) 

j~ Characteristic | Fig. No. ] Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 

(l C = 50 mAdc, l B = 0) 

2N5336, 2N5337 
2N5338, 2N5339 

~ 

BVcEOIsus)* 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 

•CEO 



MAdc 

(V CE = 75 Vdc, l B = 0) 

2N5336, 2N5337 



- 

100 


(V ce = 90 Vdc, l B = 0) 

2N5338, 2N5339 



- 

100 


Collector Cutoff Current 


12 

! CEX 



MAdc 

(V C E = 75 Vdc, V EB ( off ) = 1 .5 Vdc) 

2N5336, 2N5337 



- 

10 


(Vqe = 90 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5338, 2N5339 



- 

10 


(Vce = 75 Vdc, V EB (off) = 15 Vdc, 

2N5336, 2N5337 






T C = 150°C) 




— 

1.0 

mAdc 

(V CE - 90 Vdc, V EB(off) = 1-5 Vdc, 

2N5338, 2N5339 






T c = 150°C) 




- 

1.0 


Collector Cutoff Current 


- 

•CBO 



MAdc 

(V cb = 80 Vdc, I e = 0) 

2N5336, 2N5337 



- 

10 


(V C B= 100 Vdc, l E = 0) 

2N5338, 2N5339 



- 

10 


Emitter Cutoff Current 


_ 

•ebo 



MAdc 

(V BE = 6.0 Vdc, l C = 0) 




- 

100 



ON CHARACTERISTICS 


DC Current Gain* 

(l c = 500 mAdc, V CE = 2.0 Vdc) 

(l C = 2.0 Adc, V CE = 2.0 Vdc) 

(1C = 5.0 Adc, V CE = 2.0 Vdc) 

2N5336, 2N5338 
2N5337, 2N5339 
2N5336, 2N5338 
2N5337, 2N5339 
2N5336, 2N5338 
2N5337, 2N5339 

8 

h FE * 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage* 


9,11,13 

VCE(sat)* 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 




- 

0.7 


(lc = 5.0 Adc, l B = 0.5 Adc) 




- 

1.2 


Base-Emitter Saturation Voltage* 


11, 13 

VBE(sat)* 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 




- 

1.2 


(l c = 5.0 Adc, l B = 0.5 Adc) 




- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 0.5 Adc, V C E = 10 Vdc, f = 10 MHz) 

- 

fT 

30 

_ 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 100 kHz) 

7 

^ob 

_ 

250 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0. f = 100 kHz) 

7 

Gib 

_ 

1,000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V C c = 40 Vdc, V EB ( off ) = 3.0 Vdc, 

(l C = 2.0 Adc, I B1 =0.2 Adc) 

2,3 

Id 

- 

100 

ns 

Rise Time 

tr 

- 

100 

ns 

Storage Time 

(V C c = 40 Vdc * 'C = 2.0 Adc, 

1 B 1 = , B2 = 0.2 Adc) 

2,6 

ts 

- 

2.0 

Ms 

Fall Time 

tf 

- 

200 

ns 


*Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

-11.6 V V cc 


lOjis 
INPUT PULSE 


t r tf < 1 0 ns 
d!c. = 1 . 0 % 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 

1C, COLLECTOR CURRENT (AMPS) 
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2N5336 thru 2N5339 


FIGURE 4 - THERMAL RESPONSE 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 700 1000 

t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc _v CE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 
200°C; Tc is variable depending on conditions. 
Pulse curvesare valid for duty cycles of 10% pro- 
videdTj( p | c ) ^200°C. Tjjp^j maybe calculated 
from the data in Figure 4. At high case tem- 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break- 
down. 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (AMPS) 


FIGURE 7 - CAPACITANCE versus VOLTAGE 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 


4-126 










Ic, COLLECTOR CURRENT (AMPS) 












2N5344 (SILICON) 
2N5345 



HIGH VOLTAGE POWER PNP SILICON TRANSISTORS 
. . . designed for high-voltage switching and amplifier applications. 


1 AMPERE 
HIGH-VOLTAGE 


• High Voltage Ratings — VqEO = 250 and 300 Vdc 

• Fast Switching Times — Typically Less Than, 550 ns 

Total @Vcc= 100 Vdc 

• High Current-Gain-Bandwidth Product — 

fy = 60 MHz (Min) @ lc = 100 mAdc 

• Packaged in the Compact, High-Efficiency TO-66 Case 


PNP 

POWER TRANSISTORS 

250-300 VOLTS 
40 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5344 

2N5345 

Unit 

Collector-Emitter Voltage 

V CEO 

250 

300 

Vdc 

Collector-Base Voltage 

V CB 

250 

300 

Vdc 

Emitter -Base Voltage 

V EB 

5. 

0 

Vdc 

Collector Current — Continuous 

*c 

1.0 

Adc 

Base Current — Continuous 


0. 

5 

Adc 

Total Device Dissipation @T C = 25° C 

P D 

40 

Watts 

Derate above 25° C 


228 

mW/° C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

4.38 

°c/w 


50 

45 

40 

<35 

5 

| 30 

£ 25 
8 

° 20 

0 C 

o 15 

a. 

° 10 

5.0 

0 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (°C) 

Safe Area Curves Are Indicated By Figure 5. 

All Limits Are Applicable And Must Be Observed 



SEATING PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 






CASE 


k t 

H V tj 


1 X. Y \/ 1 


ESS 

■AlWllAUHs'ki 

innl 

■71T7M 







nT7H 

mm 

i 







tiiia 

HjEEB 

EEBM 

H 



tiliWiM 


Q| 




nuftlfcl 

mm 




ehm 

mm 




eiem 

ID 



lilLtliil 

luL-fciiHfc 

wm 

mi 

Bl 





Bg li 


tn(iW 




ESS 

WiPV 

B 



nsHi 


wm. 



B 


mm 


mai 

■1 

UtMM 


All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N5344, 2N5345 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(I_ = 10 mAdc, I n = 0) 2N5344 

C U 2N5345 


Collector Cutoff Current 

(V CE - 225 vdc, V BE(o££) = 1. 5 Vdc) 2N5344 

(V CE = 270 Vdc, V be(q££) = 1. 5 Vdc) 2N5345 

(V CE = 225 Vdc, V BE(o££) = 1. 5 Vdc, T c = 150’C)^^ 

(V CE - 270 Vdc, V BE(o££) - 1. 5 Vdc, T c . 150«C) n6345 

Collector Cutoff Current 
< V CB = RatedV CB’ I E = 0) 

Emitter Cutoff Current 
(V BE = 5.0Vdc, I c = 0) 

ON CHARACTERISTICS 

DC Current Gain (II 
(I c = 500 mAdc, V CE = 5. 0 Vdc) 

(I„ = 1. 0 Adc, V^ =5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I c = 1.0 Adc, I B = 0. 2 Adc) 


Base-Emitter Saturation Voltage 
(I c = 1.0 Adc, I B = 0. 2 Adc) 

DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 


Output Capacitance 
(V = 10 Vdc. L, = 0) 



SWITCHING CHARACTERISTICS 





Delay Time 

(Vcc = l° 0 Vdc, V be(o££) = 0.85 Vdc, 

2,3 

i d 

- 

100 

Rise Time 

I c = 500 mAdc, I B1 = 50 mAdc) 

2,3 

‘r 

- 

100 

Storage Time 

(V cc = 100 Vdc, I c = 500 mAdc, 

2,6 

‘s 

- 

600 

Fall Time 

r Bl = ! B2 = 50 mAdc) 

2,6 


- 

100 

HI Pulse Test: Pulse Width * 300 pis, Duty Cycle ~ 2. 0°/ 

FIGURE 2 - SW'^JHING TIME TEST CIRCUI1 

&. 

r 

FIGURE 3 - TURN-ON TIME 



t r , tf < 5.0 ns 
PULSE WIDTH = 1.0 /is 
DUTY CYCLE = 2.0% 



IC, COLLECTOR CURRENT (AMP) 










2N5344, 2N5345 


FIGURE 4 - THERMAL RESPONSE 




20 30 40 50 70 100 200 300 400 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. 

Safe operating area curves indicate lc~ limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on Tj( p ^) = 200°C; Tq is var- 
iable depending on conditions. Pulse curves are valid for duty 
cycles of 10% provided Tj( p k) ^ 200°C. Tj( p |<) may be calcu- 
lated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by secondary breakdown. 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

V R( REVERSE VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (AMPS) RBE, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) hfE, DC CURRENT GAIN 


2N5344, 2N5345 


TYPICAL DC CHARACTERISTICS 



- 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


IC, COLLECTOR CURRENT (mA) 


FIGURE 9 - COLLECTOR SATURATION REGION 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 


IB, BASE CURRENT (mA) 


IGURE 10<r- EFFECTS OF BASE-EMITTER RESISTANCE 



0 20 40 60 80 100 120 140 160 180 200 


Tj, JUNCTION TEMPERATURE (°C) 



1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


IC, COLLECTOR CURRENT (mA) 



0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - TEMPERATURE COEFFICIENTS 
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MEDIUM-POWER NPN SILICON TRANSISTORS 

. . . designed for switching and wide-band amplifier applications. 

® Low Collector-Emitter Saturation Voltage — VcE(sat) = L2 Vdc 
(Max) @ lc = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration 

• Complementary to 2N6186 thru 2N6189 


POWER TRANSISTORS 
NPN SILICON 


80-100 VOLTS 
60 WATTS 


♦MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 

Base Current 

Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 

Operating and Storage Junction 

Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Case 
Indicates JEDEC Registered Data. 


Symbol 

2N5346 2N5348 

2N5347 2N5349 

Unit 

v CEO 

80 100 

Vdc 

VCB 

80 100 

Vdc 

V EB 

6.0 

Vdc 

*C 

7.0 

Adc 

'b 

1.0 

Adc 

Pd 

60 

343 

Watts 

mW/°C 

T J, T stg 

-65 to +200 

°C 


Symbol 

Max 

Unit 

9 JC 

2.91 

°C/W 



FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Tc, CASE TEMPERATURE (°C) 

Safa Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N5346 thru 2N5349 


“ELECTRICAL CHARACTERISTICS <T C - 25°C, unless otherwise noted) 

| Characteristic | Fig. No. | Symbol | Min | Max j Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(l c = 50 mAdc, l B = 0) 

2N5346, 2N5347 
2N5348, 2N5349 


VcEO(sus) 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 





(V CE = 75 Vdc, l B = 0) 

2N5346, 2N5347 



- 

100 


(V CE = 90 Vdc, 1 B = 0) 

2N5348, 2N5349 



- 

100 


Collector Cutoff Current 


12 




MAdc 

(V CE = 75 Vdc, V EB ( 0 ff) = 1 -5 Vdc) 

2N5346, 2N5347 



- 

10 


(V CE = 90 Vdc. V EB ( 0 ff) = 1 .5 Vdc) 

2N5348, 2N5349 



- 

10 


<Vqe = 75 Vdc, V EB(off) = 1 -5 Vdc. 







T C = 150°C) 

2N5346, 2N5347 



- 

1.0 

mAdc 

(V CE = 90 Vdc. V EB(off ) = 1.5 Vdc. 







T c = 150°C) 

2N5348, 2N5349 



- 

1.0 


Collector Cutoff Current 


- 




MAdc 

(Vcb = Rated Vqb. *E = 0) 




- 

10 


Emitter Cutoff Current 


- 




MAdc 

(V EB = 6.0 Vdc, lc = 0) 




- 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 500 mAdc, V C £ = 2.0 Vdc) 

(Iq = 2.0 Adc, V C e = 2.0 Vdc) 

(IC = 5.0 Adc, V C E = 2.0 Vdc) 

2N5346, 2N5348 
2N5347, 2N5349 
2N5346, 2N5348 
2N5347, 2N5349 
2N5346, 2N5348 
2N5347, 2N5349 

8 



H 


Collector-Emitter Saturation Voltage 


9, 11,13 





(l c = 2.0 Adc, l B = 0.2 Adc) 




- 



(l c = 7.0 Adc, l B =0.7 Adc) 




- 



Base-Emitter Saturation Voltage 


11,13 




Vdc 

(l C = 2.0 Adc, l B =0.2 Adc) 




- 

1.2 


(l c = 7.0 Adc, l B “ 0.7 Adc) 




- 

2.0 



DYNAMIC CHARACTERISTICS 



- 

*T 

30 

_ 

MHz 

Output Capacitance 

<V C b = 10 Vdc, l E = 0, f = 100 kHz) 

7 

c ob 

_ 


PF 

Input Capacitance 

(V B £ = 2.0 Vdc, I C = 0, f = 100 kHz) 

7 

c ib 

_ 

1,000 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V C C = 40 Vdc, V EB ( off ) = 3.0 Vdc, 

(IC = 2.0 Adc, I B1 = 200 mAdc) 

2,3 

id 

- 

100 

ns 

Rise Time 

tr 

- 

100 

ns 


(V CC = 40 Vdc, l C = 2.0 Adc, 

1 b 1 = (B2 = 200 mAdc) 

2,6 

ts 

- 

2.0 

MS 

Fall Time 

tf 

- 

200 

ns 


•Indicates JEDEC Registered Data. (1 ) Pulse Test: Pulse Width «= 300 ms, Duty Cycle 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

-11.6 V Vcc 




0.01 0.02 


0.05 0.1 0.2 0.5 1.0 2.0 
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2N5346 thru 2N5349 




FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (AMPS) 


4 


C, CAPACITANCE (pF) 


RESPONSE 



There are two limitations on the power han- 
dling ability of a transistor: junction tempera- 
ture and secondary breakdown. Safe operating 
area curves indicate Iq — Vce limits of the 
transistor that must be observed for reliable 
operation; i.e., the transistor must not be sufcr- 
jected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on Tj( pk ) = 
200 C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% 
provided Tj(p k )<200 o C. T J(pk) ma V be ec- 
lated from thp data in Figure 4. At high case 
temperatures, thermal limitations will reduce 
the power that can be handled to values less 
than the limitations imposed by secondary 
breakdown. 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 
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VBE. BASE-EMITTER VOLTAGE (VOLTS) 
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1C, COLLECTOR CURRENT (AMPS) 




2N5427 

thru 

2N5430 



MEDIUM-POWER NPN SILICON TRANSISTORS 


. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1 -2 Vdc (Max) @ Iq = 7.0 Adc 

• DC Current Gain Specified to 7 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-66 Case 


7 AMPERE 

POWER TRANSISTORS 
NPN SILICON 


0-100 VOLTS 
40 WATTS 


•MAXIMUM RATINGS 

Rating 

Symbol 

2N5427 

2N5428 

2N5429 

2N5430 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

<C 

7.0 

Adc 

Base Current 

>B 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

pd 

40 

Watts 

Derate above 25°C 


228 

mW/°C 

Operating and Storage Junction 

T J, T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

- 

Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

4.37 

°C/W 

j * Indicates JEDEC Registered Data j 




FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 


P0, POWER DISSIPATION (WATTS) 
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2N5427 thru 2N5430 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C, unless otherwise noted) 

| Characteristic | Fig. No. | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (D 
(l C = 50 mAdc, l B = 0) 

2N5427, 2N 5428 
2N5429, 2N5430 

— 

BV CEO(sus)* 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 

<CEO 



M Adc 

(V CE = 75 Vdc, l B = 0) 

% 2N5427, 2N 5428 



- 

100 


(V CE = 90 Vdc. I B = 0) 

2N5429, 2N543Q 



- 

100 


Collector Cutoff Current 


12 

>CEX 



/uAdc 

(V CE = 75 Vdc. V EB ( 0 f f ) = 1.5 Vdc) 

2N5427, 2N 5428 



' - 

10 


(V CE = 90 Vdc. V EB(off) = 1.5 Vdc) 

2N5429, 2N 5430 



- 

10 


(Vce = 75 Vdc. V EB ( 0 ff) = 1.5 Vdc, 







T C = 150°C) 

2N5427, 2N 5428 



— 

1.0 

mAdc 

(V CE = 90 Vdc, V £ B (off) = 1 -5 Vdc, 







T C = 150°C) 

2N5429, 2N5430 



- 

1.0 


Collector Cutoff Current 


mmm 





(Vc B = Rated VqB, j E = 0) 




- 

10 


Emitter Cutoff Current 


- 

•ebo 




<V BE = 6.0 Vdc, lc = 0) 




- 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 500 mAdc, V CE = 2.0 Vdc) 2N5427, 2N 5429 

2N5428, 2N 5430 

(1C = 2.0 Adc, V CE = 2.0 Vdc) 2N5427, 2N 5429 

2N5428, 2N5430 

(l C = 5.0 Adc, V CE = 2.0 Vdc) 2N5427, 2N 5429 

2N5428, 2N5430 

8 

h FE * 

30 

60 

30 

60 

20 
, 40 

120 

240 


Collector-Emitter Saturation Voltage 
(l C = 2.0 Adc, l B = 0.2 Adc) 

(IC = 7.0 Adc, l B = 0.7 Adc) 

9. 11, 13 


- 



Base-Emitter Saturation Voltage 
(l C = 2.0 Adc, l B =0.2 Adc) 

(IC = 7.0 Adc, l B = 0.7 Adc) 

11,13 


- 


■ 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 500 mAdc, V CE = 10 Vdc, f = 10 MHz) 

- 

*T 

30 

_ 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

7 

c ob 

_ 


PF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 


c ib 

_ 


PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 40 v dc, V EB ( 0 ff) = 3.0 Vdc, 

2,3 

<d 

- 

100 

ns 

Rise Time 

0c = 2.0 Adc, l B -| = 200 mAdc) 


t r 

- 

100 

ns 

Storage Time 

(V C C = Vdc, l C = 2.0 Adc, 

2,6 

ts 

- ■ 

2.0 

MS 

Fall Time 

■bI = 'B2 = 200 mAdc) 


tf 

- 

200 

ns 


•Indicates JEDEC Registered Data. (1 ) Pulse Test: Pulse Width « 300 ns. Duty Cycle * 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

-11.6 V Vcc 
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r(t), NORMALIZED EFFECTIVE TRANSIENT 

t, TIME (ms) 1C, COLLECTOR CURRENT (AMPS) THERMAL RESISTANCE 


2N5427 thru 2N5430 


FIGURE 4 - THERMAL RESPONSE 



0.5 0.7 l.n 2.0 3.0 5.0 7.0 10 

t, TIME OR PULSE WIDTH (ms) 


200 300 500 700 1000 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc~ V CE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 
200°C; Tq is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro- 
videdTjfpk) ^200°C. Tj(p|<) may be calculated 
from the data in Figure 4. At high case tem- 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break- 
down. 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


1C, COLLECTOR CURRENT (AMPS) 


Vr, REVERSE VOLTAGE (VOLTS) 
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RfiE. EXTERNAL base-emitter 

lc. COLLECTOR CURRENT (AMPS) RESISTANCE (OHMS) hFE. DC CURRENT GAIN 


2N5427 thru 2N5430 









2N5629, 2N5630, 2N5631 npn 
2N6029, 2N6030, 2N6031 pnp 


HIGH-VOLTAGE - HIGH POWER TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 100 Vdc - 2N5629, 2N6029 
= 120 Vdc - 2N5630, 2N6030 
= 140 Vdc - 2N5631 , 2N6031 

• High DC Current Gain — @ |q = 8.0 Adc 

h FE = 25 (Min) - 2N5629, 2N6029 
= 20 (Min) - 2N5630, 2N6030 
= 15 (Min) - 2N5631 , 2N6031 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 10 Vdc (Max) @ Iq = 10 Adc 


MAXIMUM RATINGS 


16 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 


100-120-140 VOLTS 
200 WATTS 


Rating 

Symbol 

2N5629 

2N6029 

2N5630 

2N6030 

2N5631 

2N6031 

Collector-Emitter Voltage 

v CEO 

100 

120 

140 

Collector-Base Voltage 

V CB 

100 

120 

140 

Emitter-Base Voltage 

V EB 



7.0 — 

— 

Collector Current - Continuous 

'c 

— 

16 — 

— 



Peak 

Base Current - Continuous 
Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

•THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 
Indicates JE DEC Registered Data. 


5.0 

200 

1.14 

-65 to +200 



Symbol 

Max 

Unit 

"JC 

0.875 

°C/W 



FIGURE 1 - POWER DERATING 



STYLE 1: 

PIN 1. BASE NOTE: 

2.. EMITTER 1. DIM "Q" IS DIA. 

CASE: COLLECTOR 


0 20 40 60 80 100 120 140 160 180 200 

Tc. TEMPERATURE <°C) 

Safe Area Curves are indicated by Figure 5 All Limits are applicable and must be observed. 


DIM 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 


26.67 

- 

1.050 


Collector connected to c 
CASE 11-01 
(TO-3) 
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2N5629, 2N5630, 2N5631 NPN 
2N6029, 2N6030, 2N6031 PNP 

'ELECTRICAL CHARACTERISTICS <T C = 25°c unless otherwise r 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ( 1 ) 
(1C = 200 mAdc, l B = 0) 


2N5629, 2N6029 
2N5630, 2N6030 
2N5631 , 2N6031 


Collector-Emitter Cutoff Current 
(V C E = 50 Vdc, l B = °) 2N 

(V CE = 60 Vdc, l B = 0) 2N 

(V CE = 70 Vdc. I B = 0) 2N 

Collector-Emitter Cutoff Current 
(Vqe = Rated Vce* V EB ( 0 ff) =1.5 Vdc) 

(V CE = Rated V CB< V EB(off) =1.5 Vdc, T c = 150°C) 


Collector-Base Cutoff Current 
(Vcb = Rated Vcb. <E = 0) 

Emitter-Base Cutoff Current 
(V BE = 7.0 Vdc, l c = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

(l c = 8.0 Adc, V CE = 2.0 Vdc) " 

(1C = 16 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
OC = 10 Adc, l B = 1.0 Adc) 

(Iq = 16 Adc, l B = 4.0 Adc) 

Base-Emitter Saturation Voltage 
(1C = 10 Adc, l B = 1.0 Adc) 

Base-Emitter On Voltage 
(l C = 8.0 Adc, V C e = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product (2) 

(1C = 10 Adc, Vce = 20 Vdc, f test = 0.5 MHz) 

Output Capacitance 

(v C b = 10 vdc, i E = 0 , f = 0.1 mh z ) 

Small-Signal Current Gain 
(1C = 4.0 Adc, V C E = 10 Vdc, f = 1.0 kHz) 

Indicates JEDEC Registered Data. 

( 1 ) Pulse Test: Pulse Width < 300 ps. Duty Cycle > 2.0%. 

(2) f T = |h fe | • f test 


VcEO(sus) 



2N5629, 2N6029 
2N5630, 2N6030 
2N5631 , 2N6031 
All Types 

hFE 

25 

20 

15 

4.0 

100 

80 

60 

All Types 

VcE(sat) 

- 

1.0 

2.0 


v BE(sat) 

- 

1.8 


v BE(on) 

- 

1.5 



fT 

1.0 

- 

2N5629, 30, 31 
2N6029, 30,31 

c ob 

- 

500 

1000 


h fe 

15 

- 


I 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


°- J ”- 
-9.0 V I 


t r , tf<110ns 
DUTY CYCLE = 1.0% 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Oi MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE 1 b ~100 mA 
MSD6100 USED BELOW l B -100 mA 


For PNP test circuit, reverse all polarities and D 1. 
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2N5629, 2N5630, 2N5631 NPN 
2N6029, 2N6030, 2N6031 PNP 


FIGURE 4 - TI 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


SECOND BREAKDOWN LIMITED 


BONDING WIRE LIMITED 


THERMALLY LIMITED@Tc = 25°C 




2N5629, 2N6029 


2N5630, 2N6030 


2N5631, 2N6031 


BSk%V 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC’^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p k) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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FIGURE 6 - TURN-OFF TIME 
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2N5629, 2N5630, 2N5631 NPN 
2N6029, 2N6030, 2N6031 PNP 


NPN 

2N5629, 2N5630, 2N5631 


PNP 

2N6029, 2N6030, 2N6031 


FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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Tj. JUNCTION TEMPERATURE (°C) 
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2N5632, 2N5633, 2N5634 npn 
2N6229, 2N6230, 2N6231 pnp 


HIGH VOLTAGE-HIGH-POWER 
SILICON TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high-voltage switching regulator circuits. 

® High Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 100 Vdc (Min) - 2N5632, 2N6229 
= 120 Vdc (Min) - 2N5633, 2N6230 
= 140 Vdc (Min) - 2N5634, 2N6231 
• High DC Current Gain @ Iq = 5.0 Adc - 
hpE = 25 (Min) - 2N5632, 2N6229 
= 20 (Min) - 2N5633, 2N6230 
= 15 (Min) - 2N5634, 2N6231 
® Low Collector-Emitter Saturation Voltage — 
v CE(sat) = 10 Vdc (Max) @ lc = 7.5 Adc 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 


100-120-140 VOLTS 
150 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5632 

2N6229 

2N5633 

2N6230 


Unit 

Collector-Emitter Voltage 

v CEO 



09 

Vdc 

Collector-Base Voltage 

V CB 

100 

120 

140 

Vdc 

Emitter-Base Voltage 

Veb 

7.0 

Vdc 

Collector Current - Continuous 
- Peak 

>C 

„ -|n , 


ic; 


Base Current — Continuous 

'B 


Adc 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

H 

150 

Watts 

W/°C 

0.857 

Operating and Storage Junction 

Temperature Range 


, _65 to +200 «. 

H 




"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 

°C/W 


* Indicates JEDEC Registered Data. 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM “Q" IS DIA. 
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Collector connected to case. 
CASE 11-01 
TO-3 
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2N5632, 2N5633, 2N5634 NPN 
2N6229, 2N6230, 2N6231 PNP 


•ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise noted) 


j Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage' U 


v CEO(sus) 



Vdc 

0c 3 200 mAdc, l B = 0) 

2N5632, 2N6229 

100 

_ 


2N5633, 2N6230 


120 

_ 



2N5634, 2N6231 


140 

- 


Collector-Emitter Cutoff Current 


'CEO 



mAdc 

(V CE = 50 Vdc, l B = 0) 

2N5632, 2N6229 


- 

1.0 


(V C E = 60 Vdc, l B = 0) 

2N5633, 2N6230 


- 

1.0 


(V C E“70 Vdc, l B = 0) 

2N5634, 2N6231 


- 

1.0 


Collector-Emitter Cutoff Current 


>CEX 



mAdc 

(Vce = Rated Vq B , V EB ( 0 ff) = 1.5 Vdc) 

150°C) 


- 

1.0 


(Vq E = Rated Vc B . V EB ( 0 ff) = 1.5 Vdc, Tq = 


- 

5.0 


Collector Base Cutoff Current 


'CBO 

- 

1.0 


(V CB = Rated V CB . I E = 0) 






Emitter-Base Cutoff Current 


<EBO 

- 

1.0 

mAdc 

(V BE = 7.0 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain'1' 

(l C = 5.0 Adc, V CE = 2.0 Vdc) 

Oc = 10 Adc, Vce = 2.0 Vdc) 

2N5632, 2N6229 
2N5633, 2N6230 
2N5634, 2N6231 
All Types 

hFE 

25 

20 

15 

5.0 

100 

80 

60 


Collector-Emitter Saturation Voltage 
(l c = 7.5 Adc. I B = 0.75 Adc) 

(l C = 10 Adc, l B = 2.0 Adc) 


v CE(sat) 

- 

1.0 

2.0 

Vdc 

Base-Emitter Saturation Voltage 

Oc = 2.5 Adc, l B = 0.75 Adc) 


v BE(sat) 

- 

2.0 

Vdc 

Base-Emitter On Voltage 

OC = 5.0 Adc, V C E = 2.0 Vdc) 


v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

OC = 1.0 Adc. Vce = 20 Vdc. ftest = 0.5 MHz) 

It 

1.0 

- 

MHz 

Output Capacitance 2N5632, 2N5633, 2N5634 

C Q b 

- 

300 

PF 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6229, 2N6230, 2N6231 

- 

600 

Small Signal Current Gain 
(Vce = 10 Vdc, lc = 2.0 Adc, f = 1.0 kHz) 

hf e 

15 

- 

- 


‘Indicates JEDEC Registered Data. 

O) PulseTest: Pulse Width ^ 300 /is, Duty Cycle< 2.0%. 
(2) fj = | hf e | e f test 


FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 


Vcc 

+30 V 




RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Oi MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib *100 mA 
MSD6100 USED BELOW Ifl =100 mA 

For PNP test, reverse all polarities and D1. 
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2N5632, 2N5633, 2N5634 NPN 
2N6229, 2N6230, 2N6231 PNP 


NPN 

2N5632, 2N5633, 2N5634 


PNP 

2N6229, 2N6230, 2N6231 


FIGURE 3 - TURN-ON TIME 




0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — V^g limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<)^ 200°C. Tj( p j<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


I 
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CAPACITANCE (pF)- 


2N5632, 2N5633, 2N5634 NPN 
2N6229, 2N6230, 2N6231 PNP 


NPN 

2N5632, 2N5633, 2N5634 


PNP 

2N6229, 2N6230, 2N6231 


FIGURE 6 - TURN-OFF TIME 



0.1 0.2 0.3 . O.a 


0.2 0.3 0.5 


1C. COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 



0.5 1.0 2.0 



Vr, REVERSE VOLTAGE (VOLTS) 


0.5 1.0 2.0 5.0 10 20 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 - DC CURRENT GAIN 


1C, COLLECTOR CURRENT (AMP) 






6y, TEMPERATURE COEFFICIENTS (mV/°C) 
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lc, COLLECTOR CURRENT (AMP) 


m 


OVCfor VcE(sat) 




saga 


0.2 0.3 0.5 1.0 2.0 • 

1C, COLLECTOR CURRENT (AMP) 







2N5632, 2N5633, 2N5634 NPN 
2N6229, 2N6230, 2ISI6231 PNP 



51 







2N5655, 2N5656, 2N5657 (silicon) 



Safe Area Limits are indicated by Figures 3 and 4. Both limits are applicable and must be observed* 
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Ic. COLLECTOR CURRENT (AMP) 


2N5655, 2N5656, 2N5657 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min [ Max [ Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(Ic = 100 mAdc (inductive), L = 50 mH) 

2N5655 

2N5656 

2N5657 

v CEO(sus) 



Vdc 

Collector-Emitter Breakdown Voltage 


bv C eo 


■ 

Vdc 

(Ic = 10 mAdc, Ig = 0) 

2N5655 






2N5656 






2N5657 



\ HI | 


Collector Cutoff Current 


'CEO 



mAdc 

(V C E = 150 Vdc, Ig = 0) 

2N5655 


- 

0.1 


(V C E = 200 Vdc, Ig = 0) 

2N5656 


- 

0.1 


(V C e = 250 Vdc, Ig = 0) 

2N5657 

■ | ■ 

- 

0.1 


Collector Cutoff Current 


•CEX 




(Vce = 250 Vdc, Vgg(off) = 1.5 Vdc) 

2N5655 


- 

0.1 


(Vce = 300 Vdc, Vgg(off) = 1.5 Vdc) 

2N5656 


- 

0.1 


(V C e = 350 Vdc. V E g( off j = 1.5 Vdc) 

2N5657 


- 

0.1 


(V C E= 150 Vdc, V EB ( off ) = 1.5 Vdc, T C = 100°C) 

2N5655 


- 

1.0 


(V CE = 200 Vdc, V EB(off) = 1.5 Vdc. T C = 100°C) 

2N5656 


- 

1.0 


(V C £ = 250 Vdc, V EB(off ) = 1.5 Vdc, T C = 100°C) 

2N5657 


- 

1.0 


Collector Cutoff Current 





MAdc 

(V C g = 275 Vdc, l E = 0) 



- 

10 


(V C g = 325 Vdc, l E = 0) 



- 

10 


(V C g = 375 Vdc, l E = 0) 



- 

10 


Emitter Cutoff Current 




10 


(V EB = 6.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(IC = 50 mAdc, V C E = 10 Vdc) 

(IC = 100 mAdc, Vce = 10 Vdc) 

(IC = 250 mAdc, V C e = 10 Vdc) 

(IC = 500 mAdc, V C E = 10 Vdc) 





Collector-Emitter Saturation Voltage U) 

Vce (sat) 



Vdc 

(Ic = 100 mAdc, Ig = 10 mAdc) 


- 

1.0 


(IC = 250 mAdc, Ig = 25 mAdc). 


- 

2.5 


(IC = 500 mAdc, Ig = 100 mAdc) ' 


- 

10 


Base-Emitter Voltage (1) 

V B E 

- 

1.0 

Vdc 

(IC = 100 mAdc, V C E = 10 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(IC = 50 mAdc. V C E = 10 Vdc, f = 10 MHz) 

IT 

10 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc. I E = 0, f = 100 kHz) 

C c b 


25 

PF 

Small-Signal Current Gain 

(l C = 100 mAdc, V C E = 10 Vdc, f = 1.0 kHz) 

h fe 

20 


- 


’Indicates JEDEC Registered Data for 2N5655 Series 

( 1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycled 2.0%. 

(2) f-j- is defined as the frequency at which |hf e | extrapolates to unity. 


FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - V^e limits of the transistor 
that must be observed for reliableoperation; i.e., the transistor must 
not bo subjected to greator dissipation than the curves indicate. 

The data of Figure 3 is based on Tjfp^) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p( c jt^150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values loss than the limitations imposed by second 
breakdown. 
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2N5655, 2N5656, 2N5657 


LARGE SIGNAL CHARACTERISTICS 


CUT-OFF CHARACTERISTICS 


FIGURE 4 - TRANSCONDUCTANCE 



FIGURE 5- TRANSCONDUCTANCE 

— 1 -- | - 1 / i/ = 

VcE = 200V -l j 

" Tj = +150°C 7 f 
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Vbe. BASE-EMITTER VOLTAGE (VOLTS) 

FIGURE 6 ~ INPUT ADMITTANCE 
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Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - EFFECT OF BASE-EMITTER RESISTANCE 
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2N5655, 2N5656, 2N5657 


FIGURE 8 - CURRENT GAIN 



FIGURE 9l- "ON" VOLTAGES 




1.0 2.0 5.0 10 20 50 100 200 500 


1C. COLLECTOR CURRENT (mA) 


FIGURE 10 - CAPACITANCE 



Vr. REVERSE VOLTAGE (VOLTS) 



1.0 2.0 5.0 10 20 50 100 200 500 

1C, COLLECTOR CURRENT (mA) 
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2N5683, 2N5684 PIP (SILICON) 
2N5685, 2N5686 NPN 


HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for use in high-power amplifier and switching circuit 
applications. 

© High Current Capability - Iq Continuous = 50 Amperes. 

• DC Current Gain - 

hpE ~ 15 - 60 @ lc = 25 Adc 

© Low Collector-Emitter Saturation Voltage - 
VcE(sat) = 1-0 Vdc (Max) @ lc = 25 Adc 


50 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
300 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5683 

2N5685 

2N5684 

2N5686 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

V.dc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

50 

Adc 

Base Current 

'B 

15 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

300 

Watts 

Derate above 25°C 


1.715 

W/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 



"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.584 

°C/W 


Indicates JEDEC Registered Data. 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 



wm 


■hmehi 

■ '.ll'B 


■ 'IL'B 

mnm\ 

n 

133 

Esa 


ra 


EHl 



BEEl 

mm 




PEEl 

urn 

pea 

PEI 




fsssm 



■HEH 

mm 



IBTtl 

msm 

mm 

■nMl 

DKQ 


wsm 

m 


msi 

■aesa 

rasa 


■rrei 

pg 

Hi-H 

rasa 

B 

pm 

gEBJ 

Ena 

KilETfrl 

mm 


WLMM 

■uni 

ram 

mm 



1ESE3 



CASE 197-01 
TO-3 Except Pin Diameter 
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2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic j 

| Symbol 

1 Min T 

Max 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 
(l c = 0.2 Adc, l B = 0) 


Collector Cutoff Current 
(V C E =30 Vdc, l B =0) 
(V CE =40 Vdc, l B = 0) 


2N5683, 2N5685 
2N5684, 2N5686 


2N5683, 2N5685 
2N5684, 2N5686 



Collector Cutoff Current 
(V CE = 60 Vdc. V EB ( 0 ff) = 1.5 Vdc) 

(V C E = 80 Vdc. V EB ( off ) = 1.5 Vdc) 

(V CE = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc. T C = 150°C) 
(Vqe = 80 Vdc, V EB ( 0 ff) = 1.5 Vdc, T C « 150°C) 

2N5683, 2N5685 
2N 5684, 2N 5686 
2N5683, 2N5685 
2N5684, 2N5686 

Collector Cutoff Current 


(Vcb = 60 Vdc, l E = 0) 

2N5683, 2N5685 

(V C B = 80Vdc, l E =0) 

2N5684, 2N5686 

Emitter Cutoff Current 


(V be = 5.0 Vdc, l c = 0) 




DC Current Gain (Note 1) 

(1C “ 25 Adc. V C e = 2.0 Vdc) 
Or = 50 Adc, V C e = 5.0 Vdc) 


Collector-Emitter Saturation Voltage (Note 1) 
(IC = 25 Adc, l B = 2.5 Adc) 

(l c = 50 Adc, l B = 10 Adc) 


Base-Emitter Saturation Voltage (Note 1) 

0c = 25 Adc, l B = 2.5 Adc) 

v BE(sat) 

Base-Emitter On Voltage (Note 1) 

(l C = 25 Adc, V C E = 2.0 Vdc) 

v BE(on) 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(l c = 5.0 Adc, V C E = 10 Vdc, f = 1.0 MHz) 


Output Capacitance 

2N5683, 2 N 5684 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

2N5685, 2N5686 

Small-Signal Current Gain 
(»C = 10 Adc, Vce = 5.0 Vdc, f = 1.0 kHz) 




-KVVrrr L. t r < 20 ns f 
—i io to ioo ms vbbWov^ 

DUTY CYCLED 2.0% 

FOR CURVES OF FIGURES 3 & 6, Rb & Rl ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN CIRCUITS, REVERSE ALL POLARITIES. 






































E TRANSIENT THERMAL 
JCE (NORMALIZED) 


2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 


FIGURE 4 - THERMAL RESPONSE 
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DUTY CYCLE, D = ti/t2 


_0JC(t) = r(t)0jc Ml 
0JC = 0.584°C/W Max M T 
_ D CURVES APPLY FOR POWER_ 
PULSE TRAIN SHOWN 

-READ TIME ATti 

-Tj(pk) - Tc = P(pk) 0JC(t) 


05 0.1 0.2 


2.0 5.0 

t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



j-Tj =200°C _[ 1 1 

SECOND BREAKDOWN LIMITED 
BONDING WIRE LIMITED 
THERMALLY LIMITED @ Tc = 25°C 
(SINGLE PULSE) 

CURVES APPLY BELOW 
RATED VCEO 


2N5683, 2N5685H 
2N5684, 2N5686 A 


3.0 5.0 7.0 10 20 30 50 70 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p k) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p k) ^200°C. Tj( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


piiil 

(■■■■I 

Rssssl 

Mil 


FIGURE 6 - TURN-OFF TIME 


2N5683, 2N5684 (PNP) 
2N5685, 2N5686 (NPN) 


FIGURE 7 - CAPACITANCE 
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1C, COLLECTOR CURRENT (AMP) 



Vr, REVERSE VOLTAGE (VOLTS) 






VOLTAGE (VOLTS) 


2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 


PNP 

2N5683, 2N5684 


NPN 

2N5685, 2N5686 


FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON” VOLTAGES 
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RBE. BASE-EMITTER RESISTANCE (OHMS) lc, COLLECTOR CURRENT (/iA) 0V.TEMPERATURE COEFFICIENTS (mV/°C> 


2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 
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2N5685, 2N5686 


FIGURE 11 — TEMPERATURE COEFFICIENTS 
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FIGURE 12 - COLLECTOR CUTOFF REGION 
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- 0.1 0 + 0;1 + 0.2 + 0.3 
Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - EFFECT OF EXTERNAL BASE-EMITTER RESISTANCE 




Tj, JUNCTION TEMPERATURE (°C) 
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2N5758 . 2N5759. 2N5760 npn 
2N6226, 2N6227. 2N6228 pnp 


HIGH-VOLTAGE HIGH-POWER 
SILICON TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 100 Vdc (Min) - 2N5758, 2N6226 
= 120 Vdc (Min) - 2N5759, 2N6227 
= 140 Vdc (Min) - 2N5760, 2N6228 

• DC Current Gain @ \q = 3.0 Adc — 

hpE = 25 (Min) - 2N5758, 2N6226 
= 20 (Min) - 2N5759, 2N6227 
= 15 (Min) - 2N5760, 2N6228 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1-0 Vdc (Max) @ Iq = 3.0 Adc 


6 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 
100-120-140 VOLTS 
150 WATTS 


^MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Total Device Dissipation@T q = 25°C 
Derate above 25°C 


Operating and Storage Junction, 
Temperature Range 


2N5758 2N5759 2N5760 

Symbol 2N6226 2N6227 2N6228 | Unit 


v CEO 


V CB 


V EB 


PD 


Tj.T s1 


6.0 - 
10 - 


- 150 - 
■ 0.857- 


Watts 

W/°C 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.17 

°C/W 


* I nd icates JED EC Registered Data 







SEATING 

PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q” IS DIA. 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

184 

4.09 

0.151 

0.161 

R 

l_Z i 

26.67 

i_r ' 

1.050 


Collector connected to case? 
CASE 11-01 
TO-3 
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2N5758, 2N5759, 2N5760 NPN 
2N6226, 2N6227, 2N6228 PNP 


♦ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 

I ~ Characteristic I Symbol I Mhi I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c - 200 mAdc, l B = 0 

2N5758, 2N6226 
2N5759, 2N6227 
2N5760, 2N6228 

v CEO(sus) 

100 

120 

140 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

( Vqe = 50 Vdc, l B = 0) 

2N5758, 2N6226 


- 

1.0 


(V C E = 60 Vdc, l B = 0) 

2N5759, 2N6227 


- 

1.0 


( V C E = 70 Vdc, l B = 0) 

2N5760, 2N6228 


~ 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(VCE = Rated V CB- v BE(off) = T5 Vdc) 



- 

1.0 


(V C E = Rated Vcb< v BE(off) = 15 Vdc, T c * 

150°C) 



5.0 


Collector Cutoff Current 


•CBO 



mAdc 

(Vcb = Rated V BB , l E = 0) 




1.0 


Emitter Cutoff Current 


'EBO 



mAdc 

(V B e = 7.0 Vdc, lc = 0) 




1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 3.0 Adc, Vqe = 2.0 Vdc) 

(l c = 6.0 Adc, V C E = 2.0 Vdc) 

2N5758, 2N6226 
2N5759, 2N6227 
2N5760, 2N6228 
All Types 

hpE 

25 

20 

15 

5.0 

100 

80 

60 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(l c = 3.0 Adc, l B = 0.3 Adc) 



- 

1.0 


(l C ~ 6.0 Adc, l B = 1.2 Adc) 




2.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(l c = 3.0 Adc. Vqe = 2.0 Vdc) 



- 

1.5 

: 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

<I C = 0.5 Adc, V CE = 20 Vdc,f test = 0.5 MHz) 

h 

1.0 

_ 

MHz 

Output Capacitance 

(V C B = 1° Vdc ' >E = 0, f = 0.1 MHz) 

Cob 

_ 

300 

pF 

Small-Signal Current Gain 

(l C = 2.0 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

15 

- 

~ 


* Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle <2 0% 

(2) f T = I hf e | • f test 


FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 



t r , tf<:10 ns 
DUTY CYCLE = 1.0% 


vcc 

+30 V 



B and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Oi MUST BE FAST RECOVERY TYPE, eg- 
MBD5300 USED ABOVE Ib ^100 mA 
MSD6100 USED BELOW Ib "000 mA 


For PNP test circuit, reverse all polarities and D1. 
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2N5758, 2N5759, 2N5760 NPN 
2N6226, 2N6227, 2N6228 PNP 


NPN 

2N5758, 2N5759, 2N5760 


FIGURE 3 - TURN-ON TIME 


PNP 

2N6226, 2N6227, 2N6228 



0 06 0 1 0 2 0.4 0.6 1.0 2.0 4 0 6 0 

1C. COLLECTOR CURRENT (AMP) 



0.06 0.1 0.2 0 4 0.6 1.0 2.0 4.0 6.0 


1C, COLLECTOR CURRENT (AMP) 



FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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’ 10. 20 30 50 70 100 200 300 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — V^E limits of the transistor 
that must be observed for reliable operation; i.e. ( the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k)<I 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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C, CAPACITANCE (pF) 


2N5758, 2N5759, 2N5760 NPN 
2N6226, 2N6227, 2N6228 PNP 


NPN 

2N5758, 2N5759, 2N5760 



FIGURE 6 - TURN-OFF TIME 


PNP 

2N6226, 2N6227, 2N6228 



FIGURE 8 - DC CURRENT GAIN 



5760 NP 
6228 PN 



0.2 0.4 0.6 1.0 2.0 4.0 


' 6.0 


1C, COLLECTOR CURRENT (AMP) 







RBE, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 'C, COLLECTOR CURRENT < M A) 





2N5875, 2N5876 PNP (SILICON) 
2N5877, 2N5878 NPN 
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2N5875, 2N5876 PIMP, 2IM5877, 2IM5878 IMPIM 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

[ Characteristic | Symbol [ Min } Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

U C = 200 mAdc, l B = O) 

2N5875, 2N5877 

2N5876, 2N5878 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 

2N5875, 2N5877 


- 

1.0 


(V ce = 40 Vdc. I B = 0) 

2N5876, 2N5878 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE - 60 Vdc, V BE ( off ) - 1.5 Vdc) 

2N5875, 2N5877 


- 

0.5 


(V CE = 80 Vdc, V BE(off) = 1.5 Vdc) 

2N5876, 2N5878 


- 

0.5 


(V CE = 60 Vdc. V BE(off) = 1.5 Vdc, T C = 

1 50°C) 2N5875, 2N5877 


- 

5.0 


(V CE = 80 Vdc. V BE(of f, = 1.5 Vdc, T c = 

150°C) 2N5876, 2N5878 


- 

5.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V C B ~ 60 Vdc, l E =0) 

2N5875, 2N5877 


_ 

0.5 


(V CB = 80 Vdc. I E =0) 

2N5876, 2N5878 


- 

0.5 


Emitter Cutoff Current 


'ebo 

_ 

1.0 

mAdc 

(V EB = 5.0 Vdc. I E = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 1 0 Adc, V C E = 4.0 Vdc) 

(l c = 4.0 Adc, V CE = 4.0 Vdc) 

(l C = 10 Adc, V CE = 4.0 Vdc) 

h FE 

35 

20 

4.0 

100 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l c = 5.0 Adc, l B = 0.5 Adc) 


- 

1.0 


(IC= 10 Adc, l B = 2.5 Adc) 


- 

3.0 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 

- 

2.5 

Vdc 

0C ~ 10 Adc, l B = 2.5 Adc) 





Base-Emitter On Voltage (1) 

v BE(on) 

- 

1.5 

Vdc 

(Iq = 4.0 Adc, V CE = 4.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l c = 0.5 Adc, V CE = 10 Vdc, f test = 1.0 MHz) 

fT 

4.0 

~ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 2N5875, 2N5876 

2N5877, 2N5878 

Cob 

- 

500 

300 

pF 

Small-Signal Current Gain 

(l c = 1.0 Adc, V CE = 4.0 Vdc, f * 1.0 kHz) 

f*fe 

20 

~ 



SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 30 Vdc, l C = 4.0 Adc, 1 B1 = 1 B2 = 0.4 Adc, 

See Figure 2) 

tr 

■ - 

0.7 

MS 

Storage Time 

*s 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 


* Indicates JEDEC Registered Data. 

( 1 ) Pulse Test: Pulse Width ^ 300 Ms, Duty Cycle < 2.0%. 

(2) f T = Ihfel * W 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Vcc 

-30 V 



t r , tf<10ns 
DUTY CYCLE = 1.0% 


For NPN test circuit, 
reverse all polarities. 



FOR CURVES OF FIGURES 3and 6, 

RB and Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, e.g. 
MBD5300 USED ABOVE Ib ^ 100 mA 
MSD6100 USED BELOW Ib=« 100 mA 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURREfl? ? AMPERES) 
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CURRENT GAIN 


2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN 



' PNP DEVICES NPN DEVICES 

2N5875 and 2N5876 2N5877 and 2N5878 


FIGURE 8 - DC CURRENT GAIN 




FIGURE 9 - COLLECTOR SATURATION 




0.1 0.2 0.3 0.5 0.7 10 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (AMPERES) 



s 







2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN 


PNP DEVICES 
2N5875 and 2N5876 


NPN DEVICES 
2N5877 and 2N5878 


FIGURE 11 - TEMPERATURE COEFFICIENTS 

—| | | | | | | | il I +2.5 1 1 1 — r— r— 


•APPLIES FOR lc/lB<hFE/4 1 


6\JC for VcE(sat) 


0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMPERES) 


’APPLIES FOR lc/iB<hF£/4 


MIIIM 

■■■uni 

■■■mil 



lc, COLLECTOR CURRENT (AMPERES) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 
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Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - EFFECTS OF EXTERNAL BASE-EMITTER RESISTANCE 
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2N5879, 2N5880, PNP (SILICON) 
2N5881, 2N5882 NPN 



COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 60 Vdc (Min) - 2N5879, 2N5881 
= 80 Vdc (Min) - 2N5880, 2N5882 

• DC Current Gain — 

hpE = 20 (Min) @ lc = 6.0 Adc 

• Low Collector — Emitter Saturation Voltage - 

VcE(sat) = 1.0 Vdc (Max) @ lc = 7.0 Adc 

• High Current — Gain-Bandwidth Product — 

fj = 4.0 MHz (Min) @ Iq = 1 .0 Adc 

• Recommended for New Circuit Designs 


MAXIMUM RATINGS 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
160 WATTS 



Rating 

Symbol 

2N5879 

2N5881 

2N5880 

2N5882 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

*C 

15 

30 

Adc 

Base Current 

»B 

5.0 

Adc 

Total Device Dissipation @Tq = 25°C 
Derate above 25°C 

PD 

160 

0.915 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


'Indicates JEOEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 


FIGURE 1 - POWER DERATING 



75 100 125 150 

TC. CASE TEMPERATURE (°C) 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN 


•ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic | Symbol | Min \ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

0c = 200 mAdc, l B = O) 

2N5379, 2N5881 
2N5880, 2N5882 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V C E = 30 Vdc, l B = 0) 

2N5879, 2N5881 


- 

1.0 


(Vce = 40 Vdc ( l B - 0) 

2N5880, 2N5882 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(Vce ” 60 Vdc, V B g( 0 ff) = 1.5 Vdc) 

2N5879, 2N5881 


- 

0.5 


(V CE = SO Vdc, V BE(off) = 1.5 Vdc) 

2N5880, 2N5882 


- 

0.5 


(Vce = 60 Vdc, v BE(off) = 1 5 Vdc, Tc = 1 50°C) 

2N5879, 2N5881 


- 

5.0 


(Vce = 80 Vdc, V BE(off ) = 1.5 Vdc, T c = 150°C) 

2N5880, 2N5882 


- 

5.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V C B = 60 Vdc. I E = 0) 

2N5879, 2N5881 


- 

0.5 


(Vcb = 80 Vdc, l E = 0) 

2N5880, 2N5882 


- 

0.5 


Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V EB = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(l C = 2.0 Adc, V C e =4 -0 Vdc) 

h FE 

35 


- 

(l c = 6.0 Adc. V C e = 4.0 Vdc) 


20 

100 


(IC= 15 Adc, V C e = 4.0 Vdc) 


4.0 

- 


Collector-Emitter Saturation Voltage (1) 

(l c = 7.0 Adc, l B = 0.7 Adc) 

vce (sat) 


1.0 

Vdc 

(1C = 15 Adc, l B = 3.75 Adc) 


- 

4.0 


Base-Emitter Saturation Voltage ( 1 ) 

0C= 15 Adc, l B = 3.75 Adc) 

v BE(sat) 

- 

2.5 

Vdc 

Base-Emitter On Voltage ( 1 ) 

Oc = 6.0 Adc, Vce = 4.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(l c = 1.0 Adc, V C E = 10 Vdc, f test = 1.0 MHz) 

fT 

4.0 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc. I E = 0, f = 100 kHz) 2N5879, 2N5880 

2N5881, 2N5882 

^ob 

- 

600 

400 

pF 

Small-Signal Current Gain 

(1C = 2.0 Adc, V C E = 4.0 Vdc. f = 1 .0 kHz) 

h fe 

20 

~ 

~ 


SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 30 Vdc. I c = 6.0 Adc, 

*B1 = *B2 “ 0.6 Adc See Figure 2) 

tr 

" 

0.7 

MS 

Storage Time 

t S 

- 

1.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 


‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle< 2.0% 


(2) f T = |h fe |*f test 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



t r , tfSlIOns 
DUTY CYCLE = 1.0% 


Far NPN test circuit, 
reverse all polarities. 


vcc 

-30 V 



FOR CURVES OF FIGURES 3and 6, 

Rfi and Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg: 
MB05300 USED ABOVE Ifi ' 100 mA 
MSD6100 USED BELOW Ib ~100 mA 



0.021 1 .LLU LJ L_J 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


1C, COLLECTOR CURRENT (AMP) 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



1 1 I I 1 .d I I I 11 1 i i i 1 1 1 1,1 1 1 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p k) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj( p k) <200°C. Tj( p |<) 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 


FIGURE 6 - TURN-OFF TIME 
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2N5879, 2N5880 (PNP) 









III! 

ij.j.i : i-j 




_ 






0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


1C, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 






Ic, COLLECTOR CURRENT (mA) ' 0V. TEMPERATURE COEFFICIENTS (mV/°C) 



FOR TYPICAL ICES values 


SEE FIGURE 12. 


FOR TYPICAL ICES VALUES 


SEEFIGURE 12. 


Tj. JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 

















2N5883, 2N5884 PNP (SILICON) 
2N5885, 2N5886 NPN 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

o Low Collector-Emitter Saturation Voltage — 

VcE(sat) = TO Vdc, (max) at Iq = 15 Adc 

® Low Leakage Current 

ICEX = 1 -0 mAdc (max) at Rated Voltage 

• Excellent DC Current Gain - 

hpE = 20 (min) at lc = 10 Adc 

• High Current Gain Bandwidth Product — 

fj = 4.0 MHz (min) at lc = 1-0 Adc » 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5883 

2N5885 

2N5884 

2N5886 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

Vdc 

Collector Current — Continuous 

'C 

25 

Adc 

Peak 


50 


Base Current 

*B 

7.5 

Adc 

Total Device Dissipation @ Tq = 25?C 

P D 

200 

Watts 

Derate above 25°C 


1.15 

W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 


indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
200 WATTS 




_ „J 

r B_ i 


rC 




In— 



lie 



SEATING 

7 . 

- — D 

i 

K 

l 



PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

□ 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

• _ 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: Collector conh8cted to case. 

1. DIM "Q" IS DIA. CASE 11-01 
TO-3 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 


'ELECTRICAL CHARACTERISTICS (Tc = 2S°C unless otherwise noted) 

p ™ Characteristic | Symbol j Min | Max | Unit "j 

OFF CHARACTERISTICS ~~ 


Collector-Emitter Sustaining Voltage (1) 
dC = 20O mAdc, l B = 0) 

2N5883, 2N5885 
2N5884, 2N5886 

VCEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 


• 

mAdc 

(V CE - 30 Vdc, l B - 0) 

2N5883, 2N5885 


- 

2.0 


(V CE = 40 Vdc, l B = 0) 

2N5884, 2N5886 


~ 

2.0 


Collector Cutoff Current 


*CEX 



mAdc 

(V C E = 60 Vdc. V BE(off) = 1.5 Vdc) 

2N5883. 2N5885 


- 

1.0 


(V CE -80 Vdc, V BE ( of f) = 1.5 Vdc) 

2N5884, 2N5886 


~ 

1.0 


(V CE = 60 Vdc, V BE(off) - 1.5 Vdc, T c = 150°C) 

2N5883, 2N5885 



10 


(V CE = 80 Vdc, V 8E (off) 35 1-5 Vdc, T C =■ 150°C) 

2N5884, 2N5886 


- 

10 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB - 60 Vdc, l E = 0) 

2N5883, 2N5885 



1.0 


(V C8 = 80 Vdc, l E = 0) 

2N5884, 2N5886 



1.0 


Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V EB - 5.0 Vdc, I C = 0 







ON CHARACTERISTICS 


DC Current Gam (1) 

Oc = 3.0 Adc, V C E = 4.0 Vdc) 

h FE 

35 

_ 


(1C * 10 Adc, V CE = 4.0 Vdc) 


20 

100 


(lc = 25 Adc, Vq E - 4.0 Vdc) 


4.0 

- 


Collector-Emitter Saturation Voltage (15 
(IC= 15 Adc, l B - 1.5 Adc) 

VcE(sat) 

_ 

1.0 

Vdc 

(l c = 25 Adc, l B = 6.25 Adc) 


- 

4.0 


Base-Emitter Saturation Voltage (1) 

(IC = 25 Adc, l B = 6.25 Adc) 

v BE(sat) 

~ 

2.5 

Vdc 

Base-Emitter On Voltage (1) 

(Iq = 10 Adc, Vc E = 4.0 Vdc) 

v BE(on) 

~ 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(l c = 1.0 Adc, V CE 10 Vdc, f test = 1.0 MHz) 

f T 

4.0 


MHz 

Output Capacitance 

(V CB -- 10 Vdc, l E = 0, f = 1.0 MHz) 2N5883, 2N5884 

2N5885, 2N5886 

c ob 


1000 

500 

pF 

Small-Signal Current Gain 
(l c = 3.0 Adc, V CE - 4.0 Vdc, f test “ 1.0 kHz) 

h fe 

20 

i 



SWITCHING CHARACTERISTICS 


Rise Time 

(V CC = 30 Vdc. I C - 10 Adc, 

1 B 1 = *B2 10 Adc) 

tr 


0.7 

MS 

Storage Time 

t S 


1.0 

MS 

Fall Time 

tf 


0.8 

MS 


‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 /us, Duty Cycie< 2.0%. (2) f T = |h fe | ® f tost . 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUITS 





I I I L— I— 1— J-t I I j I L 1 1 11-1 L L | 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

!C, COLLECTOR CURRENT (AMPERES) 


FOR CURVES OF FIGURES 3 & 6. Rb & Rl ARE VARIED. 

INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN, REVERSE ALL POLARITIES . 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second, breakdown. 
Safe operating area curves indicate Ic'^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 200°C. T j (pk ) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


1C, COLLECTOR CURRENT (AMPERES) 


FIGURE 7 - CAPACITANCE 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 


PNP DEVICES 
2N5883 and 2N5884 


NPN DEVICES 
2N5885 and 2N5886 


FIGURE 8 - DC CURRENT GAIN 
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2N5974, 2N5975, 2N5976 (SILICON) 


PIMP SILICON PLASTIC POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

© DC Current Gain Specified to 5 Amperes 
hFE = 20-120 @l c = 2.5 Adc 
= 7.0 (Min) @ I C = 5.0 Adc 
© Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 40 Vdc (Min) - 2N5974 
= 60 Vdc (Min) - 2N5975 
= 80 Vdc (Min) - 2N5976 
© High Current Gain - Bandwidth Product - 
fj = 2.0 MHz (Min) @ lc = 500 mAdc 
© Complements to NPN T ransistors 2N5977, 2N5978, 2N5979 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5974 

2N5975 

2N5976 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

< 

o 

CD 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

Peak 

! C 


Adc 


1 u 

Base Current 

•b 


Adc 

Z.\J 

Total Power Dissipation 
@ T C = 25°C 

Derate above 25°C 

Pd 


Watts 

W/°C 



Operating and Storage Junction 
Temperature Range 

T J- T stg, 

—• -65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.67 

°C/W 


* Indicates JEDEC Registered Data for 2N5974 Series. 



5 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

40-60-80 VOLTS 
75 WATTS 




*-U 


IhtJL 

* A 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. DIM "D" UNCONTROLLED IN ZONE "H" 

2. DIM "F” DIA THRU 

3. HEATSINK CONTACT AREA (BOTTOM) 

4. LEADS WITHIN 0.005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES. | 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

9° TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 
TO-127 
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2N5974, 2N5975, 2N5976 


^ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 


v CEO(sus) 



Vdc 

( 1 C ~ 1 0O mAdc, l B = 0) 

2N5974 


40 

- 



2N5975 


60 

- 



2N5976 


80 



Collector Cutoff Current 


‘CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 

2N5974 


- 

1.0 


(V C e = 30 Vdc, l B ^ 0) 

2N5975 


- 

1.0 


(V C £ = 40 Vdc, l B = 0) 

2N5976 


- 

1.0 


Collector Cutoff Current 


'CEX 




(Vce = 60 Vdc, V e B ( 0 ff) 1.5 Vdc) 

2 N 597 4 


- 

100 

p Adc 

(V CE -= 80 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5975 


- 

100 


( V C E = 100 Vdc, Vb B ( off) =- 1-6 Vdc) 

2N5976 


- 

100 


(V CE = 40 Vdc, V EB{off ) - 1.5 Vdc, 

2N5974 


- 

1.0 

mAdc 

T c - 1 25°C) 






(V CE - 60 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N5975 


- 

1.0 


T c = 1 25°C) 






(V CE = SO Vdc, V EB(off) = 1.5 Vdc, 

2N5976 


- 

1.0 


T c = 1 25°C) 






Emitter Cutoff Current 


■ebo 




(V BE - 5.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(l C = 0.5 Adc, V CE = 2.0 Vdc) 

0C = 2.5 Adc, V CE = 2.0 Vdc) 
dc = 5.0 Adc, V CE - 2.0 Vdc) 

h FE 

40 

20 

7.0 

120 


Collector-Emitter Saturation Voltage 
(iC = 2.5 Adc, l B = 250 mAdc 

0c = 5.0 Adc, l B = 750 mAdc 

v CE(sat) 

- 

0.6 

1.7 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 5.0 Adc, l B = 750 mAdc) 

v BE(sat) 

_ 

2.5 

Vdc 

Base-Emitter On Voltage 
(l C = 2.5 Adc, V CE = 2.0 Vdc) 

v BE(on) 


1.4 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (2) 

(IC = 500 mAdc, V C E = 10 Vdc, f test = 1.0 MHz) 

*T 

2.0 


MHz 

Output Capacitance 
(V CB = 10 Vdc, 1 E — 0, f - 0. 1 MHz) 

c ob 

_ 

300 

pF 

Small-Signal Current Gain 
(IC = 0.5 Adc, V C E = 4.0 Vdc, f - 1.0 kHz) 

h fe 

20 

_ 

- 


•Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width<-300 jus. Duty Cycle<2.0%. 

(2) i T = | h fe i o f test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 

-30 V 


"U 


:n 



t r , tf <:10 ns 
DUTY CYCLE = I 0% 

R0 and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg 
MB05300 USED ABOVE Ifi- 100 mA 
MSD6100 USED BELOW i B -100 mA 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


1C. COLLECTOR CURRENT (AMP) 
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2N5974, 2N5975, 2N5976 


FIGURE 4 - THERMAL RESPONSE 




j— 0.01- 
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j — Single Pulse- 
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t, TIME OR PULSE WIDTH (ms) 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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BONDING WIRE LIMITED 

THERMAL LIMITATION @Tc = 25°C 


j-Curves Apply Below Rated VqE0 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( pk ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk ) ^ 150°C. Tj( pk ) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 


— Tj = 25°C ] 

- V C C = 30 V J 
I C/I B = 10 




lc, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 
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(SILICON) 


NPN SILICON PLASTIC POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 


° DC Current Gain Specified to 5 Amperes 
h FE = 20-120 @I C = 2.5 Adc 
= 7.0 (Min) @ lc = 5.0 Adc 

o Collector-Emittej- Sustaining Voltage — 
VcEO(sus) = 40 Vdc (Min) - 2N5977 
= 60 Vdc (Min) - 2N5978 
= 30 Vdc (Min) - 2N5979 

° High Current Gain — Bandwidth Product 
f T = 2.0 MHz (Min) @ l C = 500 mAdc 

® Complement to PNP Transistors — 
2N5974, 2N5975, 2N5976 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Base Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


TjTstg 


80 


2N5979 


- 5.0 - 
• 10 ■ 


- 75 - 
0.60 


Adc 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 


Unit 

Thermal Resistance, Junction to Case 

°JC 

1.67 



•Indicates JEDEC Registered Data 


5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
75 WATTS 
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STYLE 2: 

PIN 1. EMITTER 

l 2. COLLECTOR 

i 3. BASE 


7 “ 


NOTES: 

1. DIM "D” UNCONTROLLED IN ZONE "H" 

2. DIM "F" DIATHRU 

3. HEATSINK CONTACT AREA (BOTTOM) 

4. LEADS WITHIN 0 005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 



m 

MILLIMETERS 


MIN 

MAX 

■i T iiiM 

W35M 

A 

16.13 

16.38 

0.635 


B 

12.57 

12.83 

mmm 

ebem 

C 

3.18 

3.43 

■likirl 

mm 

D 

BK39 

1.24 

EEEI 

liliEM 

JQi 

M B* 

mwim 

OMil 

Earn 

MM 

HMJSESM 


H 

2.67 

2.92 

OEa 

EMM 

J 

0.813 


■iIieMM 


K 

15.11 

ilM.W 


EEM 

\wm 

9« TYP 

90 

TYP 

■a 


4.95 

mm 

0.195 

R 

1.91 

2.16 


mmufr 

mm 

6.22 

6.48 

0.245 

0.255 

r v 

■CTikB 

wssm 


i— 


CASE 90-05 
TO-127 
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2IN15977, 2N5978, 2N5979 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless othorwisa noted) 

| Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = lOOmAdc, l B = O) 

2N5977 

2N5978 

2N5979 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V CE = 20 Vdc. l B = 0) 

2N5977 


- 

1.0 


(V CE = 30 Vdc. 1 B = 0) 

2N5978 


- 

1.0 


(V CE = 40 Vdc, l B = 0) 

2N5979 


- 

1.0 


Collector Cutoff Current 


•CEX 




(Vqe = 60 v dc ( V E 0 ( 0 ff) = 1.5 Vdc) 

2N5977 


. - 

100 

pAdc 

(Vq E = 80 Vdc, V E B (off) = 1-5 Vdc) 

2N5978 


- 

100 


(Vqe = 100 Vdc, V EB ( 0 ffj = 1.5 Vdc) 

2N5979 


- 

100 


(Vce “ 40 Vdc, V E B ( 0 ff ) = 1.5 Vdc, 

2N5977 


- 

1.0 

mAdc 

T C = 125°C) 






(Vce = 60 Vdc, V EB (off) = 1.5 Vdc, 

2N5978 


- 

1.0 


T c = 125°C) 






(Vce = 80 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N5979 


- 

1.0 


T C =125°C) 






Emitter Cutoff Current 


•ebo 



mAdc 

(V BE = 5.0 Vdc, l c = 0) 




1.0 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 0.5 Adc, V C E = 2.0 Vdc) 

(l C = 2.5 Adc, V C E = 2.0 Vdc) 

(l c = 5.0 Adc, V C E = 2.0 Vdc) 

h FE 

40 

20 

7.0 

120 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

0c = 2.5 Adc, l B = 250 mAdc) 


- 

0.6 


0c = 5.0 Adc, l B = 750 mAdc) 


- 

1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(lc = 5.0 Adc, l B = 750 mAdc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 2.5 Adc, V C E = 2.0 Vdc) 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(l C = 500 mAdc, V C E = 10 Vdc, f test = 1 .0 MHz) 

*T 

2.0 

_ 

MHz 

Output Capacitance - 
(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

^ob 

- 

200 

pF 

Small-Signal Current Gain 

(1C = 0.5 Adc, V C E = 4.0 Vdc, f = 1.0 kHz) 

h fe 

20 

- 

' 


• Indicates JE DEC Registered Data 

(1) PulsoTest: Pulse Width<-300 /is, Duty Cycle<2.0%. 

(2) f T = I h fe | <» f test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Vcc 

+30 V 




t r , tf £.10 ns 
DUTY CYCLE = 1.0% 

RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib ^100 mA 
'MSD6100 USED BELOW Ib — 100 mA 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IQ. COLLECTOR CURRENT (AMP) 
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2N5977, 2N5978, 2N5979 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p | < ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) < 150°C. T j( p k) ma Y be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



5.0 7.0 10 20 30 50 70 100 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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Ic COLLECTOR CURRENT (mA) V. VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 









2N5986,2N5987,2N5988 PNP (silicon) 
2N5989,2N5999,2N5991 NPN 


HIGH POWER PLASTIC 

COMPLEMENTARY SILICON POWER TRANSISTORS 

... designed for use in general-purpose amplifier and switching circuits. 

o Collector-Base Voltage - VcBO = 60 Vdc - 2N5986, 2N5989 
= 80 Vdc - 2N5987, 2N5990 
= 100 Vdc - 2N5988, 2N5991 

® Collector-Emitter Voltage - VcEO = 40 Vdc - 2N5986, 2N5989 

= 60 Vdc - 2N5987, 2N5990 
= 80 Vdc - 2N5988, 2N5991 

® DC Current Gain — 

hpE = 20-120 @ lc = 6.0 Adc 
= 7.0 (Min) @ lc = 12 Adc 

© Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.7 Vdc (Max) @ Iq = 6.0 Adc 


'MAXIMUM RATINGS 


Rating 

Symbol 

2N5986 

2N5989 

2N5987 
2N 5990 

2N5988 

2N5991 

Unit 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

- 'c 

12 

20 

Adc 

Base Current 

'B 

4.0 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

P D 

100 

0.8 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T s tg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.25 

°C/W 


* Indicates JE DEC Registered Data 



12 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40, 60, 80 VOLTS 
100 WATTS 



u r 

K 


M 

\ 

pf 

Q 

l 

t - 

17 

H 

J_i 

A 

f 

If 

K 

Vafi 

-VT 


1-H 

IV 

i 



—1 





STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. DIM "D" UNCONTROLLED IN ZONE "H" 

2. DIM "F" DIATHRU 

3. HEAT SINK CONTACT AREA (BOTTOM) 

4. LEADS WITHIN 0.005*’ RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.16f 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° TYP 

9° ' 

TYP 

Q 

4.70 

4^95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 

TO-127 
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2N5986, 2N5987, 2IM5988 PIMP/ 2M 5989, 2N5990, 2N5991 NPiM 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted> 

| Characteristic | Symbol { Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
|I C = 0.2 Adc, l B =0) 

2N5986, 2N5989 
2N5987, 2N5990 
2N5988, 2N5991 

bv CEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 

2N5986, 2N5989 


- 

2.0 


(V CE = 30 Vdc, l B = 0) 

2N5987, 2N5990 


- 

2.0 


(V ce = 40 Vdc, l B = 0) 

2N5988, 2N5991 


- 

2.0 


Collector Cutoff Current 


•cex 



pAdc 

(Vce = 60 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5986, 2 N 5989 


- 

200 


(Vqe = 80 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5987, 2N5990 


- 

200 


(Vce = 100 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N5988, 2N5991 


- 

200 


(Vce = 40 Vdc, V BE ( of f) = 1.5 Vdc, T c = 125°C) 

2N5986, 2N5989 


- 

2.0 

-mAdc 

(V C E = 60 Vdc, V BE ( 0 f f ) = 1.5 Vdc, T c = 125°C) 

2N5937, 2N5990 


- 

2.0 


(V C E = 80 Vdc, V BE(of f) = 1.5 Vdc, Tc = 125°C) 

2N5988. 2N5991* 


- 

2.0 


Emitter Cutoff Current 


>EBO 



mAdc 

(V BE = 5.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

dC =1.5 Adc, Vce 
(Ic = 6.0 Adc, Vce 
0c = 12 Adc, Vce 

= 2.0 Vdc) 

= 2.0 Vdc) 

= 2.0 Vdc) 

h FE 

40 

20 

7.0 

120 

— 

Collector-Emitter Saturation Voltage 1 

v CE(sat) 



Vdc 

(l c = 6.0 Adc, l B = 

0.6 Adc) 


- 

0.7 


(! C = 12 Adc, l B = 

1.8 Adc) 


- 

1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(IC = 12 Adc, l B = 

1.8 Adc) 


- 

2.5 


Base-Emitter On Voltage j 

v BE(on) 



Vdc 

dc = 6.0 Adc, Vce 

= 2.0 Vdc) 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 0.5 Adc, Vce = 10 Vdc, f test = 1.0 MHz) 

^T 

2.0 


MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 2N5986thru 2N5988 

2N5989 thru 2N5991 

c ob 


500 

300 

PF 

Small-Signal Current Gain 

dc = 2.0 Adc, Vce = 4.0 Vdc, f -= 1.0 kHz) 

h fe 

20 

_ 

- 


* Indicates JEDEC Registered Data. 
(1) f T = |h fe | • ftest 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


Vcc 

+30 V 


:n 


+11 V 
0 


t r , tf <110 ns 
DUTY CYCLE = 1.0°/ 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ifl ^100 mA" 
MSDB100 USED BELOW lg ^100 mA 


For PNP test circuit reverse diode and voltage polarities. 
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r(t) EFFECTIVE THERMAL RESISTANCE 

t, TIME Ufi) 1C, COLLECTOR CURRENT (AMP) (NORMALIZED) 


2N5986, 2N5987, 2N5988 PNP/ 2N5989, 2N5990, 2N5991 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



. j 1 i — i — i i mi — , — i — , — i— ji. .1 n,,u i i 

1.0 2.0 5.0 10 20 50 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 1^ — VqE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j(pk) = 150°C ; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p |<) ^150°C Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN OFF TIME 


FIGURE 7 - CAPACITANCE 




1C. COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 









2N5986, 2N5987, 2N5988 PNF/ 2N5989, 2N599G, 2N5991 NPN 


PNP 

2N5986 thru 2N5988 


NPN 

2N5989 thru 2N5991 


FIGURE 11 - TEMPERATURE COEFFICIENTS 




0.2 0.3 


0.5 0.7 1.0 2.0 3.0 5.0 7.0 

1C, COLLECTOR CURRENT (AMP) 



0.2 0.3 


0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUTOFF REGION 



+0.4 +0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 

, Vbe, BASE-EMITTER VOLTAGE (VOLTS) 



-0.1 0 +0.1 +0.2 +0.3 +0.4 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - EFFECTS OF EXTERNAL BASE-EMITTER RESISTANCE 



20 40 60 80 100 120 140 160 


Tj, JUNCTION TEMPERATURE (°C) 



20 40 60 80 100 120 140 160 

Tj, JUNCTION TEMPERATURE (°C) 
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2N 6034, 2N 6635, 2N6036 PIP (silicon) 
216037, 216038, 216039 NPM 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

o High DC Current Gain — 

hpE = 2000 (Typ) @ lc = 2.0 Adc 
o Collector-Emitter Sustaining Voltage - @ 100 mAdc 
VcEO(sus) = 40 Vdc (Min) - 2N6034, 2N6037 
= 60 Vdc (Min) - 2N6035, 2N6038 
= 80 Vdc (Min) - 2N6036, 2N6039 
o Forward Biased Second Breakdown Current Capability 
I s/b ~ 1 -5 Adc @ 25 Vdc 

o Monolithic Construction with Built-In Base-Emitter 
Resistors to Limit Leakage Multiplication 
Q Space-Saving High Performance-to-Cost Ratio 
TO-126 Plastic Package 


* MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 


Total Power Dissipation @ T^ - 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


T J< T stg 


2N6034 

2N6037 


2N6035 

2N6038 


60 

15 J5Z 


2N6036 

2N6039 


-4.0- 
- 8 . 0 - 


-40 — 
-0.32- 


— 1.5 — 
- 0 . 012 - 


Watts 

W/°C 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

83.3 

D c/w 


’Indicates JEDEC Registered Data. 



DARLINGTON 

4-AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60, 80 VOLTS 
40 WATTS 



x 


m- 

1 


T 

A 


-UU-D 
gU- I R i 


1 
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STYLE 1 

PIN 1. EMITTER 
2. COLLECTOR 
3 BASE 


NOTES 

1. MT = MAIN TERMINAL 

2. LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA. 
TO DIM. "A" & "B” AT 
MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES 

MIIM 

MAX 

MIN 

MAX 

A 

10 80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0 095 

0.105 

D 

051 

0.66 

0.020 

0.026 

F 

2.92 

318 

0.115 

0 125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0 025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3' 

3 TYP 

3° TYP' 

Q 

3.76 

401 

0.148 

0.158 

R 

1.14 

1 40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 


1.02 

- 

0.040 

- • 


CASE 77-04 
TO-126 
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2N6034, 2N6035, 2N6036 PNP 
2N6037, 2N6038, 2N6039 NPN 


*ELECTRICAL CHARACTERISTICS (Tq - 25°C unless otherwise noted) 

Characteristic | Symbol j Min | Max } Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 100 mAdc, l B = 0) 

2N6034, 2N6037 

2N6035, 2N6038 

2N6036, 2N6039 

v CEO(sus) 

40 

60 

80 

- 

Vdc 

Collector-Cutoff Current 


'CEO 



M 

(V ce = 40 Vdc, l B = 0) 

2N6034, 2N6037 


- 

100 


(V CE = 60 Vdc, l B = 0) 

2N6035, 2N6038 


- 

100 


(V CE = 80 Vdc, l B = 0) 

2N6036, 2N6039 


- 

100 


Collector Cutoff Current 


'CEX 



mA 

(Vce = 40 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N6034, 2N6037 


- 

100 


(V CE = 60 Vdc, V B E ( 0 f f ) = 1.5 Vdc) 

2N6035, 2N6038 


- 

100 


(Vce = 80 Vdc, V BE (off) = 1.5 Vdc) 

2N6036, 2N6039 


- 

100 


(Vce = ^O Vdc, V BE ( 0 ffj = 1.5 Vdc 






T c = 1 25°C) 

2N6034, 2N6037 


- 

500 


( Vce = 60 Vdc, V BE (off) = 1.5 Vdc 






T c = 1 25°C) 

2N6035, 2N6038 


- 

500 


( V CE = 80 Vdc, V BE(off) = 1.5 Vdc 






T c = 1 25°C) 

2N6036, 2N6039 


- 

500 


Collector Cutoff Current 


'CBO 



mAdc 

(V C b =40 Vdc, l E =0) 

2N6034, 2N6037 


_ 

0.5 

; 

(V C b= 60 Vdc, l E = 0) 

2N6035, 2N6038 


_ 

0.5 


(V C 8 =80 Vdc, l E = 0) 

2N6036, 2N6039 


_ 

0.5 


Emitter Cutoff Current 


'EBO 

_ 

2.0 

mAdc 

( V BE =5.0 Vdc, l c = 0) 







OIM CHARACTERISTICS 


DC Current Gain 

(l C = 0.5 Adc, V C E = 3.0 Vdc) 

(l C = 2.0 Adc. V C E = 3.0 Vdc) 

(l C = 4.0 Adc, Vce = 3.0 Vdc) 

h FE 

500 

750 

100 

15,000 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(lc = 2.0 Adc, l B = 8.0 mAdc) 


- 

2.0 


0c = 4.0 Adc, l B = 40 mAdc) 


- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

4.0 

Vdc 

Oc = 4.0 Adc, l B = 40 mAdc) 





Base-Emitter On Voltage 

v BE(on) 

- 

2.8 

Vdc 

(l c = 2.0 Adc, V C E = 3.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Small-Signal Current-Gain 
(l c = 0.75 Adc, V C e = 10 Vdc, f = 1.0 MHz) 

|hfel 

1.0 i 

- 

- 

Output Capacitance 

^ob 



pF 

(Vcb = 10 Vdc. I E =0, f = 0.1 MHz) 2N6034, 2N6035, 2N6036 


- 

200 


2N6037, 2N6038, 2N6039 


- 

100 



•Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


Vcc 

-30 V 


DUTY CYCLE = 1.0% 



For NPN test circuit, reverse diode, 
polarities and input pulses 
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21X16034, 21x16035, 2IM6036 PNP 
2N6037, 21M6038, 2N6039 NPN 


FIGURE 4 - THERMAL RESPONSE 



«JC(t) = Mt) <>JC 
«JC = 3.12°C/WMax 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME ATt] 

jz T J(pk) - tc = p( P k) »jc<t) :: 




DUTY CYCLE, 0 -ti/t2 


0.02 0 03 0.05 0.1 0.2 0.3 0 5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 


ACTIVE REGION SAFE-OPERATING AREA 


FIGURE 5 - 2N6034, 2N6035, 2N6036 



10- Tj = 150°C __§ s 

: BONDING WIRE LIMITED 

0.7 : _ THERMALLY LIMITED "13 I 

0.5- @Tc = 25°C (SINGLE PULSE) 

SECOND BREAKDOWN LIMITED - 


FIGURE 6 - 2N6037 2N6038, 2N6039 



| Tj = 150°C 

— - BONDING WIRE LIMITED 

THERMALLY LIMITED 

@ Tc - 25°C (SINGLE PULSE) 
SECOND BREAKDOWN LIMITED 



Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - CAPACITANCE 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — limits of the tran- 

sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj^) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) <150°C. Tj(p)<) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 



■OHM 


0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 













2N6040 thru 2N6042 PNP (SILICON) 
2N6043 thru 2N6045 NPN 
MJE6040 thru HUE 6042 PNP 
HUE 6043 thru MJE6045 NPN 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

> High DC Current Gain - 

h FE = 2500 (Typ) @ Iq = 4.0 Adc 

► Collector-Emitter Sustaining Voltage — @ 100 mAdc (D 

VcEO(sus) = 60 Vdc (Min) - 2N6040, 2N6043 
= 80 Vdc (Min) - 2N6041, 2N6044 
= 100 Vdc (Min) - 2N6042, 2N6045 

► Low Collector-Emitter Saturation Voltage — (i) 

VcE(sat) = 2.0 Vdc (Max) @ Iq = 4.0 Adc - 2N6040,41,2N6043,44 
= 2.0 Vdc (Max) @ Iq = 3.0 Adc - 2N6042, 2N6045 

> Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

(1) Applies to corresponding in-house part numbers also. 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 80 100 VOLTS 
75 WATTS 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 


Operating and Storage Junction, 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


T J- T stg 


2N6040 

2N6043 

MJE6040I 

MJE6043 


60 


2N6041 

2N6044 

[MJE6041 

MJE6044I 


80 


2N6042 

2N6045 

MJE6042 

MJE6045 


100 


- 8.0 - 
-16 ' 


— 75 - 

- 0.60 - 


— 2.2 — 
• 0.0175 - 


Watts 

W/°C 


Watts 

W/°C 


2 N 60 40 
thru 
2N6045 


n 


w - 




,& 


Uj 


ir 

JfF 

— -I N 1— — 


BASE 

COLLECTOR 

EMITTER 

COLLECTOR 


NOTE 

1 DIM L & H APPLIES 
TO ALL LEADS 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.67 

°C/W 

Thermal Resistance, Junction to Ambient 

0 JA- 

57 

°C/W 


Indicates JEDEC Registered Data 



MJE6040 

thru 
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2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 


‘ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

ll C = 100 mAdc, l B = 0) 2N6040. 2N6043, MJE6040. MJE6043 

2N6041, 2N 6044, MJE6041, MJE6044 

2IM6042, 2N6045, MJE6042, MJE6045 

Collector Cutoff Current 

(V CE - 60 Vdc, l B - 0) 2N6040, 2N6043, MJE6040, MJE6043 

(V C E “ 80 Vdc. I B =0) 2N 6041, 2N6044, MJE6041, MJE6044 

(yCE “100 Vdc, l B °0) 2N6042, 2N6045, MJE6042, MJE6045 

Collector Cutoff Current 

(V CE = 60 Vdc, V BE (off> = 1-5 Vdc) 2N6040, 2N6043, MJE6040, MJE6043 
(V CE = 80 Vdc, V BE (off) = 1.5 Vdc) 2N6041 , 2 N6044, MJE6041, MJE6044 
(V CE = 100 Vdc, V B E ( 0 ff) ’ 1.5 Vdc) 2N6042, 2N6045, MJE6042. MJE6045 
IVce =60 Vdc, V B E(off)= 1-5 Vdc. 

Tc - 150°C) 2N 6040, 2N6043, MJE6040, MJE6043 

<V CE = 80 Vdc, V BE ( of f) = 1.5 Vdc, 

T c = 1 50°C) 2N 6041, 2N6044, MJE6041, MJE6044 

(V C E = 100 Vdc, V BE(of f, = 1.5 Vdc, 

T c 3 150°C) 2N 6042, 2N6045, MJE6042, MJE6045 


Collector Cutoff Current 
(V C E “ 60 Vdc, l B -0) 
(V C E 31 80 Vdc, l B =0) 
(V C E“100 Vdc, l B = 0) 


Collector Cutoff Current 

( V CB = 60 Vdc, l E = 0) 2SM6040, 2N6043, MJE6040, MJE6043 

(V CB = 80 Vdc' l E = 0) 2N6041, 2N6044, MJE6041, MJE6044 

(V CB = 100 Vdc - 'E = 0) 2N6042, 2N 6045, MJE6042, MJE6045 

Emitter Cutoff Current 
(V BE = 50 Vdc, l C = 0) 

ON CHARACTERISTICS 

DC Current Gain 

(l C = 4.0Adc, V CE =4.0 Vdc) 2N6040.41, 2N6043.44, MJE6040,41, MJE6043.44 
(l C = 3 0 Adc, V CE = 4.0 Vdc) 2N6042, 2N6045, MJE6042, MJE6045 

(lr = 8 0 Adc, VrF = 4.0 Vdc) All Types 

Collector-Emitter Saturation Voltage 

(l c = 4.0 Adc, l B = 16 mAdc) 2N6040.41 ,2N6043,44,MJE6040.41 ,MJE6043,44 , 
(l c = 3 0 Adc, l B = 12 mAdc) 2N6042,2N6045.MJE6042,MJE6045 

(1C = 8 0 Adc, l B = 80 mAdc) All Types 

Base-Emitter Saturation Voltage 

(le = 8 0 Adc, l B = 80 mAdc) 

Base-Emitter On Voltage 

dc = 4.0 Adc, Vqe = 4 -0 Vc| c) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 

(I C = 3.0 Adc, V CE = 4.0 Vdc, f = 1,0 MHz) 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 2N 6040/2 N6042, MJE6040/MJE6042 

2N6043/2N6045, MJE6043/MJE6045 

. Small-Signal Current Gain 

(l C - 3.0 Adc, V C e = 4.0 Vdc, f = 1.0 kHz) 





'Indicates JEDEC Registered Data 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


RB & Rc VARIED TO OBTAIN OESIREO CURRENT LEVELS 
Ol, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USEO ABOVE Ib = 100 mA 
MS06100 USED BELOW Ifl = 100 mA 


FIGURE 3 - SWITCHING TIMES 


t r , tf < 10 ns 
DUTY CYCLE =10% 


HUMS 


for td and t r , Di is disconnected 
and V 2 = 0 

For NPN test circuit reverse all polarities and DI. 




0.1 


0.2 0.3 0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 


In, COLLECTOR CURRENT (AMP) 





2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING' AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — V^E limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tjjpk) - 150°C; Tq isvariable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj^p^) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 


Bm 





2N6040 thru 2N6042 PN 
2N6043 thru 2N6045 NP 
MJE6040 thru MJE6042 
MJE6043 thru MJE6045 


PNP 

2N6040, 2N604 
MJE6040, MJE604 



0.1 0.2 0.3 -0 5 0.7 1.0 

1C. COLLECTOR CU 
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1C. COLLECTOR CURRENT (AMP) 




0v, TEMPERATURE COEFFICIENTS (mV/°C) 






(SILICON) 


MEDIUM-POWER PNP SILICON TRANSISTOR 

. . . designed for general-purpose switching and amplifier applications 

o Excellent Safe Operating Area 
o DC Current Gain Specified to 4.0 Amperes 
o Complement to NPN Type 2N3054A 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

55 

Vdc 

Collector-Emitter Voltage 

(R B E 100 il) 

V CER 

60 

Vdc 

Collector-Base Voltage 

V CB 

90 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 

•c 

4.0 

Adc 

Peak 


10 


Base Current 

1 B 

2.0 

Adc 

Total Device Dissipation @ Tq - 25°C 

PD 

75 

Watts 

Derate above 25° 


0.43 

W/°C 

Operating and Storage Junction, 

Temperature Range 

Tl> ^stg 

-65 to t-200 

°C 


'Indicates JEDEC Registered Data 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

0JC 

2.33 

°C/W 



4 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

55 VOLTS 
75 WATTS 



u — 

A [ 


P | || B 1| I C 



STYLE 1- 
PIN 1 BASE 



's 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- - 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3 86 

0.142 

0.152 

S 

_ 

8.89 


0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 
CASE 80-02 
TO-66 
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2N6049 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

v CEO(sus) 



Vdc 

(Ip = 100 mAdc, Ir = 0) 


55 

— 


Collector-Emitter Sustaining Voltage (1) 

v CER(sus) 



Vdc 

(Iq = 100 mAdc, R BE = 100 ft 


60 

- 


Collector Cuttoff Current 

'CEO 



juAdc 

(Vqf = 30 Vdc, Ir = 0) 


- 

500 


Collector Cutoff Current 

•CEX 



mAdc 

(V CE = 90 Vdc, V BE(of f) = 1.5 Vdc) 


- 

1.0 


(V C E = 90 Vdc, V BE(of f) = 1.5 Vdc, 

T C = 1 50°C) 


" 

6.0 


Emitter Cutoff Current 

•ebo 



mAdc 

{V BE =-7.0 Vdc, l c = 0) 


- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

h F E 



- 

(l c = 500 mAdc, V CE = 4.0 Vdc) 


25 

100 


(l C =3.0 Adc, V C E = 4.0 Vdc) 


6.0 


_ 

Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(Iq = 500 mAdc, l B = 50 mAdc) 


- 

0.5 


(l c = 4.0 Adc, l B = 800 mAdc) 


- 

2.0, 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 500 mAdc, V CE = 4.0 Vdc) 

1 

— 

1.0 

1 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
(Iq = 200 mAdc, Vq E = 10 Vdc) 


3.0 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

- 

200 

pF 

Small-Signal Current Gain 

(l c = 100 mAdc, V CE =4.0 Vdc, f= 1.0 kHz) 

h fe 

25 

180 



•Indicates JE DEC Registered Data 

(1) Pulse test: Pulse Width <300 Ms, Duty Cycle <2.0% 



FIGURE 3 - TURN-ON TIME 
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T r(t), NORMALIZED EFFECTIVE 

t. TIME (ps) l C . COLLECTOR CURRENT (AMP) THERMAL RESISTAI\ 



t, TIME or PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 




0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

lC, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjjp^j < 200°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 







Ic, COLLECTOR CURRENT (/zA) Ov, TEMPERATURE COEFFICIENTS (mV/°C) hFE ' DC CURRENT GA1N 


2N6049 




(SILICON) 




1 


? 


I 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low frequency 
switching applications. 

© High DC Current Gain — 

hp£ = 3500 (Typ) @ Iq = 5.0 Adc 
© Collector-Emitter Sustaining Voltage —@100 mA 
VcEO(sus) = 60 Vdc (Min) - 2N6050, 2N6057 
80 Vdc (Min) - 2N6051, 2N6058 
100 Vdc (Min) - 2N6052, 2N6059 
® Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6050 

2N6057 

2N6051 

2N6058 

2N6052 

2N6059 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

— t c; n ^ 

Vdc 


Collector Current — Continuous 
Peak 

>C 

-a 12 s*- 

20 s- 

Adc 

Base Current 

'B 

-cs 0.2 

Adc 

Total Device Dissipation 
@T C = 25°C 

Derate above 25°C 

Pd 

150 53- 

-3 0.857 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tstg 

65 to +200°C 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Rating 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 


* I ndicates JED EC Registered Data 



DARLINGTON 
12 AMPERE 


COMPLEMENTARY SILICON 
POWER TRANSISTORS 
60-80 t 100 VOLTS 
150 WATTS 



A 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21,08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 

CASE 1 1-01 
TO-3 


NOTE: 

1. DIM "Q" IS DIA. 
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2N6050 thru 2N6052 PN P/2 N 6057 thru 2N6059 NPN 


*ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage H) 

(l C = 100 mAdc, l B =0) 

2N6050, 2N6057 
2N6051, 2 N 6058 
2N6052. 2N6059 

VCEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


■CEO 



mAdc 

(V C E = 30 Vdc, l B = 0) 

2N6050, 2N6057 


- 

1.0 


( Vce = 40 Vdc, l B = 0) 

2N6051, 2N6058 


- 

1.0 


(V CE = 50 Vdc, l B = 0) 

2N6052, 2N6059 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(Vce = Rated VqeO' v BE(off) = 15 Vdc ) 



- 

0.5 


(Vce = Rated VceO* v BE(off) = 1-5 Vdc, Tc = 

150°C) 



5.0 


Emitter Cutoff Current 


>EBO 

- 

2.0 

mAdc 

(V B e = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS tt) 


DC Current Gain 

(l C ^ 6.0 Adc, V C e = 3.0 Vdc) 

(1C = 12 Adc, V C E = 3.0 Vdc) 

h F E 

750 

100 

18,000 


Collector-Emitter Saturation Volatage 

v CE(sat) 



Vdc 

(l c = 6.0 Adc, l B = 24 mAdc) 


- 

2.0 


(l c = 12 Adc, l B = 120 mAdc) 


- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

4.0 

Vdc 

(l C = 12 Adc, l B = 120 mAdc) 





Base-Emitter On Voltage 

v BE(on) 

_ 

2.8 

Vdc 

(l c = 6.0 Adc, V C e = 3.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit Forward 

Current Transfer Ratio 

(l c = 5.0 Adc, V C E = 3.0 Vdc, f - 1.0 MHz) 

| h fe| 

4.0 


MHz 

Output Capacitance 2N6050/2N6052 

(V CB ^ 10 Vdc, l E = 0, f = 0.1 MHz) 2N6057/2N6059 

c ob 

“ 

500 

300 

pF 

Small-Signal Current Gain 

(l c = 5.0 Adc, Vqe = 3.0 Vdc, f = 1.0 kHz) 

hfe 

300 




•Indicates JEDEC Registered Data 

(Impulse test: Pulse Width = 300 ps, Duty Cycle = 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



For NPN test circuit reverse diode and voltage polarities. 



0.2 0.5 1.0 3.0 5.0 10 20 

1C, COLLECTOR CURRENT (AMP) 
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2N605Q thru 2N6052 PNP/2N6057 thru 2N6059 NPN 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6050, 2N6057 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - 2N6051 , 2N6058 



Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) 



10 20 30 50 70 100 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate Iq — Vce limits of the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 5, 6 and 7 is based on Tj( p k) = 200°C; Tq is variable depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj^) ^ 200°C Tj^j may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 



1.0 2.0 5.0 10 20 50 100 200 500 1000 


f, FREQUENCY (kHz) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (AMP) 



Ic. COLLECTOR CURRENT (m A) fly. TEMPERATURE COEFFICIENTS (mV/°C) 


2N6050 thru 2N6052 PNP/2N6057 thru 2N6059 NPN 


PNP 

2N6050, 2N6051, 2N6052 


NPN 

2N6057, 2N6058, 2N6059 


FIGURE 13 - TEMPERATURE COEFFICIENTS 



FIGURE 14 - COLLECTOR CUT-OFF REGION 



+0.S +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 


Vbe. BASE-EMITTER VOLTAGE (VOLTS) 



-0.6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1.0 +1.2 +1.4 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 15 - DARLINGTON SCHEMATICS 


Collector 



Collector 
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2N6053, 2N6054, 2N6298, 2N6299 PNP (SILICON) 
2N6055, 2N6056, 2N6300, 2N6301 NPN 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low frequency switching 
applications. 

• High DC Current Gain — 

hpE = 3000 (Typ) @ Iq = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - <® 100 mA 

VCEO(sus) = 60 Vdc (Min) - 2N6053, 2N6055, 2N6298, 2N6300 
= 80 Vdc (Min) - 2N6054, 2N6056, 2N6299, 2N6301 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 2.0 Vdc (Max) @ Iq = 4.0 Adc 
= 3.0 Vdc (Max) @ \q = 8.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


♦MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


•Indicates JEDEC Registered Data. 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 
60-80 VOLTS 
75,100 WATTS 


Rating - 

Symbol 

2N6053 

2N6055 

2N6298 

2N6300 

2N6054 

2N6056 

2N6299 

2N6301 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak » 

■c 

8.0 

16 

Adc 

Base Current 

>B 

120 

mAdc 

V 

2N6053 

2N6054 

2N6055 

2N6056 

2N6298 

2N6299 

2N6300 

2N6301 


Total Device Dissipation @Tq = 25°C 

Derate above 25°C 

PD 

100 

0.571 

75 

0.428 

Watts 

W/°C 

Operating and Storage Junction Temperature 

Range % 

TjTstg 

-65 to +200 

°C 


Characteristic 

Symbol 

2N6053 

2N6054 

2N6055 

2N6056 

2N6298 

2N6299 

2N6300 

2N6301 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

2.33 

°C/W 
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2N6053, 2N6054, 2N6298, 2N6299 PNP, 
2N6055, 2N6056, 2N6300, 2N6301 NPN 



*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

OFF CHARACTERISTICS 


Max Unit 



Collector-Emitter Sustaining Voltage (U 

(l C = 100 mAdc, l B = 0) 2N6053, 2N6055, 2N6298, 2N6300 

v CEO(sus) 

60 

2N6054, 2N6056, 2N6299, 2N6301 


80 



Collector Cutoff Current 

(V CE - 30 Vdc, l B = 0) 2N6053, 2N6055, 2N6298, 2N6300 

( V CE = 40 Vdc, l B = 0) 2N6054, 2N6056, 2N6299, 2N6301 


Collector Cutoff Current 

( V CE = Rated V CB , V BE(off) = 1.5 Vdd 

(Vce = Rated Vc B , V BE ( 0 ff) = 1.5 Vdc, Tc * 150°C 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 4.0 Adc, V CE = 3.0 Vdc) 

(l c = 8.0 Adc, V CE = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
(l c = 4.0 Adc, l B = 16 mAdc) 

Oc = 8.0 Adc, l B = 80 mAdc) 


Base-Emitter Saturation Voltage 
(l c = 8.0 Adc, l B = 80 mAdc) 


Base-Emitter On Voltage 

(l C = 4.0 Adc,' V C E = 3.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit Current Transfer Ratio 

(l C = 3.0 Adc, V CE = 3.0 Vdc, f = 1.0 MHz) 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6053, 2N6054, 2N6298, 2N6299 

2N6055, 2N6056, 2N6300, 2N6301 


Small-Signal Current Gain 

(l c = 3.0 Adc, V CE = 3.0 Vdc, f = 1.0 kHz) 


* I ndicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 ps. Duty Cycle = 2.0 %. 





- 

0.5 

5.0 

mAdc 

_ 

2.0 

mAdc 



750 

100 

18000 


- 

2.0 

3.0 

Vdc 
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FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


f?B & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
0 1 , MUST BE FAST RECOVERY TYPES, e.g.. 

MBD5300 USED >B0VE Ib * 100 mA 
MSD6100 USED BELOW lB -- 100 mA 


FIGURE 3 - SWITCHING TIMES 


for td and t r , 0i is disconnected 
and V 2 = 0 


r NPN test circuit reverse diode, polarities and input pulses. 




Vcc = 30 V 

l C /l B = 250 — h4-H444^- — — - 

OJ - Tjl^C td ® V BEfoff) = 0 — 

0 07 2N6053, 2N6054, 2N6298, 2N6299 (PN?T 2= 

0 05 [ -- 2N6055, 2N6Q5S, 2N 6300, 2 N6301 (NPN)} — 

' 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

IQ, COLLECTOR CURRENT (AMP) 
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FIGURE 4 - THERMAL RESPONSE 
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Q\j, TEMPERATURE COEFFICIENTS (mV/°C) 


2N6053, 2N6054, 2N6298, 2N6299 PNP, 
2N6055, 2N6056, 2N6300, 2N6301 NPN 
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2N6053, 2N6054, 2N6298, 2N6299 g 2N6055, 2N6056, 2N6300, 2N6301 

FIGURE 12 - TEMPERATURE COEFFICIENTS 



1C, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 13 - COLLECTOR CUT-OFF REGION 
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2N6077 
2N6G7S 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . the 2N6077 and 2N6078 transistors are designed for high- 
voltage, high-speed switching applications. They are characterized 
for operating directly off the rectified 110 Volt power lines in 
circuits such as: 

• Switching Regulators 

• Solenoid and Relay Drivers 
® Motor Controls 


7 AMPERES 

NPN SILICON 
POWER TRANSISTORS 


275-300 VOLTS 
45 WATTS 


'MAXIMUM RATINGS 


Rating 

Symbol 

2N6077 

2N6078 

Collector-Emitter Voltage 

V CEX 

300 

275 

Collector-Base Voltage 

VCBO 

300 

275 

Emitter-Base Voltage 

VEBO 

6 

Collector Current — Continuous 

•c 


7 

— Peak 

•cm 

1 

0 

Base Current — Continuous 

• b 

1 4 

Total Power Dissipation 

Pd 



@ T C = 25°C 


45 

Derate above 25°C 


0.257 

Operating and Storage Junction 

T J, T stg 

-65 to +200 


Temperature Range | 

THERMAL CHARACTERISTICS 


1 

Characteristic 

Symbol 

Max 


Unit 

1 

Thermal Resistance, Junction to Case 

RflJC 

3.9 


°C/W 

r 

Maximum Lead Temperature for Soldering 


275 

■ 

°C 


Purposes: 1/8" from Case for 5 Seconds 
^Indicates JEDEC Registered Data 


SEATING PLANE 



STYLE 1: 

PIN 1. BASE • 

2. EMITTER 
CASE. COLLECTOR 




g [jM9 l 
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l inkW I 

■I3XI9I 


All JEDEC Dimensions and and Notes Apply 


CASE 80-02 


66 










2N6077, 2N6078 


^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

1 Characteristic | Symbol | Min | Max | Unir 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(l C = 200 mA, l B = 0) 2N6077 

2N6078 

v CEO(sus) 

275 

250 

- 

Vdc 

Emitter Cutoff Current 

*EBO 

_ 

1.0 

mAdc 

(V BE = 6 Vdc, l c = 0) 





Collector Cutoff Current 

•CEV 



mAdc 

(V C EV " 250 Vdc. V B E(off) “ 1 *5 Vdc) 2N6077 


- 

5.0 


. 2N6078 


— 

0.05 


(V C £V = 250 Vdc, v BE(off) = 1 *5 Vdc, T c = 1 25°C) 2N6077 


- 

8.0 


2N6078 


— 

0.2 


Collector Cutoff Current 

'CEO 



mA 

(V CE = 250 Vdc, V BE ( off ) = 1 .5 Vdc) 2N6077 


- 

2.0 



ON CHARACTERISTICS 


DC Current Gain 

(l C = 1.2 Adc, V CE = 1 Vdc) 

h F E 

12 

70 

- 

Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(l C = 1.2 Adc, l B = 0.2 Adc) 

2N6077 


— 

0.5 



2N6078 





(IC = 3 Adc, l B = 0.6 Adc) 

2N6077 


- 

1.0 


(l C = 5Adc, l B = 1 Adc) 

2N6078 


- 

3.0 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

<I C =1-2 Adc, l B = 0.2 Adc) 

2N6077 


- 

1.6 



2N6078 





(1C = 3 Adc, l B = 0.6 Adc) 

2N6077 


- 

1.9 


(l C = 5 Adc, l B = 1 Adc) 

2N6078 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

! h fe! 

1.0 

- 

MHz 

(l C = 200 mAdc, V CE = 10 Vdc, f test = 1 .0 MHz) 





SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 





Rise Time 

(V CC = 250 Vdc, l c = 1.2 Adc, 

1 b 1 = I B2 = 200 mAdc = 100 ms. 

Duty Cycle < 2.0%) 

V 

- 

0.75 

MS 

Storage Time 

ts 

- 

5.0 

MS 

Fall Time 

tf 

- 

0.75 

MS 


* Indicates JEDEC Registered Data 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe Operating area curves indicate lc* v CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figures 12 and 13 is based on Tq = 25°C;Tj( p ( c ) 
is variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature according to Figure 1 . 
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PNP NPN 

2N6107 2N6288 
2N6109 2N6290 
2N6111 216292 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 7.0 Amperes 

h FE = 30-150 @ l c = 3.0 Adc - 2N61 1 1 , 2N6288 
= 2.3 (Min) @ Iq = 7.0 Adc - All Devices 

• Collector-Emitter Sustaining Voltage - 

V C eo(sus) = 30 Vdc ( Min ) ~ 2N61 1 1 , 2N6288 
= 50 Vdc (Min) - 2N6109, 2N6290 
= 70 Vdc (Min) - 2N6107, 2N6292 

• High Current Gain - Bandwidth Product 

f T - 4.0 MHz (Min) @ l c = 500 mAdc - 2N6288, 90, 92 
= 10 MHz (Min) @ l c =? 500 mAdc - 2N6107, 09, 1 1 

• TO-220AB Compact Package 

® TO-66 Leadform Also Available 


7 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

30-50-70 VOLTS 
40 WATTS 


"MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - 


Continuous 

Peak 


Base Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


Veb 


PD 


T J' T stg 


2N6111 

2N6288 


2N6109 

2N6290 


2N6107 

2N6292 


-7.0 - 
- 10 - 


Watts 

W/°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

3.125 

°C/W 


•Indicates JEDEC Registered Data 




— s 

_r^ 

1 

A 

1 

T 

! / 

r— — -H— < 

T~ 

K 


1 

j SE 

-J 

L-r 

: — 

L—j 


UD 1 


£U t 


PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 






DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

□ 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 


2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.43 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

V 

1.14 


0.045 



CASE 221A-02 
TO-220AB 
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2N6107, 2IM6109, 2N611 1 PIMP, 2IM6288, 2N6290, 2N6292 NPIM 


^ELECTRICAL CHARACTERISTICS (Tc g 25°C unless otherwise noted) __ 

| Characteristic | Symbol ( Min | Mix j Unit - 


OFF-CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

VcEO(sus) 



Vdc 

(1C ® 100 mAdc, l B = 0) 2N61 1 1 , 2N6288 


30 

- 


2N6109, 2N6290 


50 

- 


2N6107, 2N6292 


70 

- 


Collector Cutoff Current 

'CEO 



mAdc 

(V C E = 20Vdc, l B =0) 2N61 1 1 , 2N6288 


- 



(V C E ■ 40 Vdc, l B - 0) 2N61 09, 2N6290 


- 



(V C E =60 Vdc, l B =0) 2N6107, 2N6292 


- 



Collector Cutoff Current 

>CEX 



^Adc 

(V CE = 40 Vdc. V EB ( 0 ff) “ 1.5 Vdc) 2N61 1 1, 2N6288 


- 

100 


(V C E = 60 Vdc, V EB ( off ) = 1 .5 Vdc) 2N6109, 2N6290 


- 

100 


(V CE =80Vdc,V EB ( o ff) = 1.5Vdc) 2N6107, 2N6292 


- 

100 


(V C E ■ 30 Vdc, V EB ( off ) = 1 .5 Vdc, T c = 1 50°C) 2N61 1 1 , 2N6288 


- 

2.0 

mAdc 

(V C E = 50 Vdc, V EB ( off ) = 1 .5 Vdc, T c = 1 50°C) 2N61 09, 2N6290 


- 

2.0 


(V C E = 70 Vdc, V EB (off) = 1.5 Vdc, T c = 150°C) 2N6107, 2N6292 


- 

2.0 


Emitter Cutoff Current 

• ebo 

' - 

1.0 

mAdc 

(V BE =5.0 Vdc, l C = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 2.0 Adc, V CE = 4.0 Vdc) 2N6107, 2N6292 

(l C = 2.5 Adc, V CE = 4.0 Vdc) 2N6109, 2N6290 

(l C = 3.0 Adc, V C E = 4.0 Vdc) 2N61 1 1 , 2IM6288 

(l c = 7.0 Adc, V CE = 4.0 Vdc) All Devices 

hpE 

30 

30 

30 

2.3 

— 

150 

150 

150 


Collector-Emitter Saturation Voltage 
(1C = 7.0 Adc, l B = 3.0 Adc) 

v CE(sat) 


3.5 

Vdc 

Base-Emitter On Voltage 

(l C = 7.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 

- 

3.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(1C = 500 mAdc, V C E = 4.0 Vdc, f test = 1.0 MHz) 

2N6288, 90, 92 

2N6107, 09, 1 1 

*T 

4.0 

10 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1 .0 MHz) 

Cob 

- 

250 

pF 

Small-Signal Current Gain 

(1C = 0.5 Adc, Vce = 4.0 Vdc, f = 50 kHz) 

h fe 

20 

- 

- 


'Indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width < 300 ns, Duty Cycle < 2.0%. 
(2)fj = I hf e | • f test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



t r , tfillO ns 
DUTY CYCLE = 1.0% 


vcc 

+30 V 



Rfi and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib ~100 mA 
MS06100 USED BELOW Ib =100 mA 


FIGURE 3 - TURN-ON TIME 
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2N6107, 2N6109, 2N61 1 1 PNP, 2N6288, 2N6290, 2N6292 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



5.0 7.0 10 20 30 50 70 100 


V C £, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.07 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 7.0 


1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 150°C. Tj^p^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 



0.5 1.0 2.0 3.0 5.0 10 


Vr, REVERSE VOLTAGE (VOLTS) 







2N6107, 2IM6109, 2N6111 PNP, 2N6288, 2N6290, 2N6292 NPN 


FIGURE 8 - DC CURRENT GAIN 



Mill 




0.7 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

1C. COLLECTOR CURRENT (AMP) 


FIGURE 9 - COLLECTOR SATURATION REGION 


5111 


20 30 50 100 200 300 50 

IB.BASE CURRENT (mA) 


FIGURE 10 - "ON" VOLTAGES 

~t~i | | | | ! n rr 

- Tj = 25°C 
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VCE(sat)@IC/lB = 10 | LLU+^I I I 1 | | j 

0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 7.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 11 - TEMPERATURE COEFFICIENTS 

I *'aPPIIES FOR Iq/Ib < hFE/4 I I I III I I "T 


991 


1 *(?vc FOR VcE(sat) 


SsSBSSiiiiiil 


0.2 0.3 0.5 1.0 2.0 3.0 5.0 7.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 


FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 
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NPN PNP 
2N6121 2N6124 
2N6122 2N6125 
2N6123 2N6126 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in power amplifier and switching circuits, — 
packaged in the compact TO-220AB outline. TO-66 leadform also 
available. 


’MAXIMUM RATINGS 


Rating 

Symbol 

2N6121 

2N6124 

2N6122 

2N6125 

2N6123 

2N6126 

Unit 

Collector-Emitter Voltage 

v CE0 

45 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

'c 

4.0 

Adc 

Base Current 1 

'b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

PD 


40 


Watts 

Derate above 25°C 



320 


mW/°C 

Operating and Storage Junction 

T J, T stg 


£5 to +150- 


°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.12 

°c/w 


’ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ( 1 ) 


v CEO(sus) 



Vdc 

(l c = 0.1 Adc, l B = 0) 

2N6121, 2N6124 


45 

- 



2N6122, 2N6125 


60 

- 



2N6123, 2N6126 


80 

- 


Collector Cutoff Current 


'CEO 



mAdc 

<V CE = 45 Vdc, l B = 0) 

2N6121, 2N6124 


- 

1.0 


(Vq E = 60 Vdc, l B = 0) 

2N6122, 2N6125 


- 

1.0 


(Vce = 80 Vdc, l B = 0) 

2N6123, 2N6126 


- 

1.0 


Collector Cutoff Current ' 


! CEX 



mAdc 

(V CE = 45 Vdc, V EB(off) = 1.5 Vdc) 

2N6121 , 2N6124 


- 

0.1 


(V CE = 60Vdc,V EB{off) = 1.5 Vdc) 

2N6122, 2N6125 


- 

0.1 


(V CE = 80 Vdc. V EB (off) = 1.5 Vdc) 

2N6123, 2N6126 


- 

0.1 


(Vce = 45 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N6121, 2N6124 


- 

2.0 


T c = 125°C) 






(Vce = 60 Vdc, V EB ( 0 ff) - 1.5 Vdc, 

2N6122, 2N6125 


- 

2.0 


T c = 125°C) 






(Vqe = 80 Vdc, V EB ( Q ff) = 1.5 Vdc, 

2N6123, 2N6126 


- 

2.0 


T C = 125°C) 






Collector Cutoff Current 


•CBO 



mAdc 

(V CB = 45 Vdc, l E =0) 

2N6121 , 2N6124 


_ 

0.1 


(V C B = 60 Vdc, l E = 0) 

2N6122, 2N6125 


- 

0.1 


(V C b = 80 Vdc, l E = 0) 

2N6123, 2N6126 


- 

0.1 


Emitter Cutoff Current 


»EBO 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc. I C - 0) 






ON CHARACTERISTICS 

DC Current Gain (1) 


hpE 



- 

(l C = 1.5 Adc, V CE ,= 2.0 Vdc) 

2N6126, 2N6124 


25 

100 



2N6122, 2N6125 


25 

100 



2N6123, 2N6126 


20 

80 


(I C = 4.0 Adc, V C E = 2.0 Vdc) 

2N6121, 2N6124 


10 

- 



2N6122, 2N6125 


10 




2N6123, 2N6126 


7.0 

- 


Collector-Emitter Saturation Voltage (1) 


v CE(sat) 



Vdc 

(IC = 15 Adc, l B = 0.15 Adc) 



- 

0.6 


(Iq = 4.0 Adc, l B = 1.0 Adc) 



- 

1.4 


Base-Emitter On Voltage (1) 


v BE(on) 

_ 

1.2 

Vdc 

(l c = 1.5 Adc, V CE = 2.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l C = 0.1 Adc, V CE = 2.0 Vdc. f = 1 .0 kHz) 

hfe 

25 


- 

Current-Gain-Bandwidth Product 

(I C = 1.0 Adc, V CE = 4.0 Vdc, f = 1.0 MHz) 

h- 

2.5 

- 

MHz 


(^Pulse Test: Pulse Width <300 jis, Duty Cycle <2.0%. 
* Indicates JEDEC Registered Data. 


4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

45-80 VOLTS . 

40 WATTS 




3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

B 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

V 

1.14 


0.045 



CASE 221A-02 
TO-220AB 
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VOLTAGE (VOLTS) Vqe. COLLECTOR-EMITTER VOLTAGE (VOLTS) hfE. DC CURRENT GAIN (NORMALIZED) 


2N6121, 2N6122, 2N6123, NPN 
2N6124, 2N6125, 2N6126, PNP 



0.004 0.007 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 


1C. COLLECTOR CURRENT (AMP) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IB, BASE CURRENT (mA) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C. COLLECTOR CURRENT (AMP) 



0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C, COLLECTOR CURRENT (AMP) 


'\ 
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, TIME (a/s) 1C, COLLECTOR CURRENT (mA) 















MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 12 Vdc (Max) @ , C= lOAdc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration 

• Complement to NPN 2N5346 thru 2N5349 


MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 
Base Current 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
Indicates JEDEC Registered Data. 


10 AMPERE 

POWER TRANSISTORS 
PNP SILICON 


80-100 VOLTS 
60 WATTS 


Symbol 

2N6187 2N6189 

v CEO 

80 100 

VCB 

80 100 

< 

m 

CD 

6.0 

>C 

10 

•b 

2.0 

Pd 

60 

343 

t J, T stg 

-65 to +200 


Symbol 

Max 

0JC 

2.91 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 



iO 32 UNF-2.A - 
COATED 



1 I InM 

i P J SEATING 


B 10,77 11.10 0.424 0 . 437 

C 8.13 11.89 0320 0.468 

E 2.29 3.81 10.090 0.150 

G 4,70 5.46 0.185 0.215 

H - 1.98 - 1 0.078 

J 10.16 11.56 0.400 0,455 

K 14,48 19.38 0.570 0.763 

L 2.29 2.79 0,0.90 0.110 

N - 6.35 - 0.250 

P 4,14 4.80 0.163 0.189 

Q 1.02 1.65 0.040 0.065 

B 8.08 9.65 0.318 0.380 

S 4,212 4.310 0.1658 0.1697 
T 9.65 ITTTO 10.380 10.437 

Ail JEDEC dimensions and notes apply 
Collector isolated from case. 


CASE 160-03 

TO-69 
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2N6186 thru 2N6189 


♦ELECTRICAL CHARACTERISTICS 1T C - 25°C, 
| Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(1C = 50 mAdc, l B = 0) 

Collector Cutoff Current 
(V C e = 75 Vdc, l B = 0) 

(V C E ~ 90 Vdc, l B = 0) 

Collector Cutoff Current 

(V CE = 75 Vdc. V EB ( off ) = 1.5 Vdc) 

(Vce = 90 Vdc, V BB ( 0 ff) = 1.5 Vdc) 

(Vqe = 75 Vdc, V eb ( off) = 1*5 Vdc, 

T C = 1 50°C) 

(Vce = 90 Vdc » v BE(off) ® 1-5 Vdc, 

T G = 150°C) 


Collector Cutoff Current 

(Vcb = Rated V G B, l E = 0) 

Emitter Cutoff Current 
(V BE = 6.0 Vdc, l C = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

(l C = 0.5 Adc, V CE = 2.0 Vdc) 

(l C = 2.0 Adc, V CE = 2.0 Vdc) 

(l C = 5.0 Adc, V ce = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(l C = 2.0 Adc, l B = 0.2 Adc) 

(IC= 7.0 Adc, l B = 0.7 Adc) 

Base-Emitter Saturation Voltage 
(l C = 2.0 Adc, l B =0.2 Adc) 

(l c = 10 Adc, l B = 1.0 Adc) 

DYNAMIC CHARACTERISTICS “~ 


unless otherwise noted) 

1 Fig. No. 


2N6186, 87 
2N6188, 89 


2N6186, 87 
2N6188, 89 


2N6186, 87 
2N6188, 89 


2N6186, 87 
2N6188, 89 


2N6186, 88 
2N6187, 89 
2N6186, 88 
2N6187, 89 
2N6186, 88 
2N6187, 89 



Current-Gain— Bandwidth Product (2) 

(l c = 500 mAdc, V CE = 10 Vdc, fjest = 10 MHz) 

- 

fT 

30 

_ 

Output Capacitance 

(Vcb = 1° Vdc, Ie = 0, f = 100 kHz) 

7 

c ob 

_ 

300 

Input Capacitance 

(V BE = 2.0 Vdc, l c = 0, f = 100 kHz) 

7 

Cib 


1250 

SWITCHING CHARACTERISTICS 

Delay Time 

(V G C = 40 Vdc, v EB(off) = 3 0 Vdc - 

2.3 

l d 


100 

Rise Time 

(1C = 2.0 Adc, I B1 = 200 mAdc) 


tr 

- 

100 

Storage Time 

(V C C = 40 Vdc, l C = 2.0 Adc, 

2.6 

t s 

~ . . i 

2.0 

Fall Time 

•B1 = *B2 = 200 mAdc) 


tf 


200 

’Indicates JEDEC Registered Data. 



(1 ) Pulse Test: Pulse Width 300 ms, Duty Cycle. » 2.0%. 
<2) f T - Ihfel-fTest 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


1 


lC, COLLECTOR CURRENT (AMP) 






2N6 186 thru 2N6189 


FIGURE 4 - THERMAL RESPONSE 





0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1 

r, TIME OR PULSE WIOTH (ms) 


- ACTIVE-REGION SAFE OPERATING AREA 


^ 1 Q O ps^ | 


=4=i=Tj = 200OC 

SECOND BREAKDOWN LIMITED Nj 

BONDING WIRE LIMITED 4 

THERMALLY LIMITED @ Tc = 25°C 4 

~j — 1~ PULSE DUTY CYCLE < 10% 4 


E CURVES APPLY BELOW 3 

= RATED VcEO. 3 

I 2N6186, 87 4==t 

2N6188, 89 “| — r 


There are two limitations on the power handling -ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p k) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p k) <200°C. 
T j( p k) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE versus VOLTAGE 





Ip. COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 








Ic. COLLECTOR CURRENT (AMP) ' VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N6186 thru 2N6189 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 





0.1 0.2 0.3 0.5 1 0 2.0 3.0 5.0 10 


FIGURE 11 - TEMPERATURE COEFFICIENTS 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 


IC, COLLECTOR CURRENT (AMP) 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 



FIGURE 13 - EFFECTS OF BASE-EMITTER 
RESISTANCE 



0 20 40 60 80 100 120 140 160 180 200 

Tj, JUNCTION TEMPERATURE (°C) 
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2N6190 

thru 

2N6193 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — . 

VcE(sat) = T2 Vdc (Max) @ Iq = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 
© Excellent Safe Operating Area 

© Packaged in the Compact TO-39 Case for Critical Space Limited 
Applications 

© Complement to NPN 2N5336 thru 2N5339 


5 AMPERE 

POWER TRANSISTORS 
PNP SILICON 


80-100 VOLTS 
10 WATTS 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6190 

2N6191 

2N6192 

2N6193 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V E B 

6.0 

Vdc 

Collector Current — Continuous 

'C 

5.0 

Adc 

Base Current 

>B 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 

10 

Watts 

Derate above 25°C 


57.1 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

17.5 

°C/W 


’Indicates JEOEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING 



D 

it: 

V 



- 



B 


1 

r p c 

Li i 


~ 

iii 



J 


.JU_D 



STYLE 1: 

PIN 1 EMITTER 
2. BASE 
3 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8 89 

9.40 

0.350 

0.370 

B 

“Wi 

8.51 

0.315 1 

0.335 

C 

6 10 

6 60 

0 240 

0.260 

D 

0.406 

0 533 

0 016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0 864 

0 028 

0.034 

J 

0.737 

1.02 

0 029 

0 040 

K 

1270 

- 

0.500 

- 

L 

6 35 

- 

0.250 

- 

M 

45° 5 

0M 

45° N0M 

P 

- I 1.27 

- 

0.050 

Q 

90° N0M 

90° N0M 

R 

2.54 | - 

0.100 

LZI 


All JEDEC dimensions and notes apply. 
CASE 79-02 
TO-39 
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2N6190 thru 2N6193 


* ELECTRICAL CHARACTER ISTICS (Tq = 25°C unless otherwise noted) 

1 Characteristic I Fig. No. I Symbol I Min I Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(I C = 50 mAdc, l B = 0) 

2N6190, 2N6191 
2N6192. 2N6193 


VCEO(sus) 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 

'CEO 



MAdc 

<V C £ = 75 Vdc, l B = 0) 

2N6190, 2N6191 



- 

100 


(VcE = 90Vdc, Ib = 0) 

2N6192, 2N6193 



- 

100 


Collector Cutoff Current 


12 

'CEX 



MAdc 

|V CE = 75 Vdc, VgE(off) •• 1.5 Vdc) 

2N6190, 2N6191 



- 

10 


(V C £ = 90 Vdc. V BE ( off) = 1.5 Vdc) 

2N6192, 2N6193 



- 

10 


(Vqe = 75 Vdc, V BE ( 0 ff) = 1.5 Vdc, 

2N6190, 2N6191 



_ 

1.0 

mAdc 

T C = 150°C) 







(V C E = 90 Vdc. V BE(of f) = 1.5 Vdc, 

2N6192, 2N6193 



_ 

1.0 


T C = 150°C) 







Collector Cutoff Current 


- 

>CBO 



MAdc 

(V C b = 80 Vdc. I E = 0) 

2N6190, 2N6191 



- 

10 


(V CB = 100 Vdc. I E = 0) 

2N6192, 2N6193 



- 

10 


Emitter Cutoff Current 


- 

>EB0 



/iAdc 

(V BE =6.0 Vdc, I C = 0) 




- 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

OC = 500 mAdc, V CE = 2.0 Vdc) 2N6190, 2N6192 

2N6191, 2N6193 

(IC = 2.0 Adc, V CE = 2.0 Vdc) 2N6190, 2N6192 

2N61&1, 2N6193 

(IC = 5.0 Adc, V£ E = 2.0 Vdc) 2N6190, 2N6192 

2N6191, 2N6193 

8 

h FE 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage 

9.10.11 

VcE(sat) 



Vdc 

Uq = 2.0 Adc, l B = 0.2 Adc) 



_ 

0.7 


(l c = 5.0 Adc, l B =0.5 Adc) 



- 

1.2 


Base-Emitter Saturation Voltage 

10,11 

v BE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 



- 

1.2 


dc = 5.0 Adc, l B = 0.5 Adc) 



- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(lC = 0.5 Adc, V CE = 10 Vdc, fjest = 10 MHz) 


it 

30 

. 

MHz 

Output Capacitance 
(Vqb = 10 Vdc, l E = 0, f = 100 kHz) 

7 

C 0 b 

_ 

300 

P F 

Input Capacitance 

(V B e = 2.0 Vdc, lc = 0, f = 100 kHz) 

7 

c ib 

_ 

1250 

P F 


SWITCHING CHARACTERISTICS 


Delay Time 

(V C C = 40 Vdc, V BE(off) = 3.0 Vdc, 

2,3 

‘d 

- 

100 

ns 

Rise Time 



j- 


TOT 

ns 

Storage Time 

(V cc = 40 Vdc. I C = 2.0 Adc, 

2,6 

t s 

- 

2.0 

MS 

Fall Time 

1 B 1 = 'B2 = 0- 2 Adc * 


<f 


200 

ns 


'Indicates JEOEC Registered Data. 

(1) Pulse Test: Pulse Width ;< 300 m*. Duty Cycle <'2.0% 

(2) f T = lhfel*<Test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



FIGURE 3 - TURN ON TIME 
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2N6190 thru 2N6193 



J.U I I I I I I L_l I VIII I I I I I L_J l I LI I I I I I I I I I I I I I I I I I 1111 I L—J 1 I I.. I I I 

0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p k) = 200°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|<) < 200°C. 
Tj(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitaitons imposed by 
second breakdown. 


FIGURE 6 - TURN-OFF TIME 




1.0 2.0 3.0 5.0 10 20 30 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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2N6190 thru 2N6193 


FIGURE 8 - DC CURRENT GAIN 




FIGURE 10 - ON VOLTAGES 



FIGURE 12 - COLLECTOR CUT-OFF REGION 



Vbe. base-emitter VOLTAGE (VOLTS) 


R B E, EXTERNAL BASE-EMITTER 

RESISTANCE (OHMS) fl V , TEMPERATURE COEFFICIENTS (mV/oc) VCE ' C0LLECT0REMITTER VOLTAGE (VOLTS) 


/ 


FIGURE 9 - COLLECTOR SATURATION REGION 



FIGURE 11 - TEMPERATURE COEFFICIENTS 
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2N6211 

2N6212 

2N6213 


MEDIUM-POWER HIGH-VOLTAGE 
PIMP POWER TRANSISTORS 

. . . designed for high-speed switching and linear amplifier applications 
for high-voltage operational amplifiers, switching regulators, convert- 
ers, inverters, deflection stages and high fidelity amplifiers. 

© Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 225 t0 350 Vdc @ lc = 200 mAdc 
® Second Breakdown Collector Current — 
l s /b = 875 mAdc @ VcE “ 40 Vdc 
© tf = 0.6 jus Resistive Fall Time 
@ Usable DC Current Gain to 2.0 Adc 


2 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

225-350 VOLTS 
35 WATTS 



•MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Base Current 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


veb 


PD 


T J« T stg 


2N6211 2N6212 2N6213 


275 


300 


350 


- 35 - 
- 0.2 - 


-65 to +200 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Symbol 


0 JC 


°C/W 


Indicates JEDEC Registered Data. 


FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 



SEATING PLAI 

STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
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All JEDEC Dimensions and and Notes Apply. 
CASE 80-02 
TO-66 


There are two limitations on the powerhandling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE trans » stor 

that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p j c ) = 200; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. (See 
Figure 8). 
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2N6211, 2N6212, 2N6213 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


♦Collector-Emitter Sustaining Voltage (1 ) 

(l c * 200 mAdc, l B = 0) 

t 

2N6211 

2N6212 

2N6213 

VcEO(sus) 

" 225 

300 

350 

- 

Vdc 

♦Collector-Emitter Sustaining Voltage 


v CEX(sus) 



Vdc 

(l c = 200 mA, V BE = -1.5 V, L = 10mH) 

2N6211 


275 

- 



2N6212 


350 

- 



2N6213 


400 

- 


♦Collector-Emitter Sustaining Voltage (1 ) 


v CER(sus) 



Vdc 

(1C = 200 mA. I B = 0, R BE = 50 n 

2N6211 


250 

- 



2N6212 


325 

- 



2N6213 


375 

- 


♦Emitter-Base Breakdown Voltage (1) 


v EBO 



Vdc 

(l E =0.5 mAdc, l C =0) 

2N6212/13 


6.0 

- 


(l E = 1.0 mAdc, l C = 0) 

2N621 1 


6.0 

- 


♦Collector Cutoff Current 


*CEV 



mAdc 

(Vce = 250 Vdc, V BE ( 0 ff) = 1 .5 Vdc, T C = 25°C) 




0.5 


(T C = 100°C) 




5.0 


(V C E = 315 Vdc, V BE ( 0 ff) = 1 .5 Vdc, T C = 25°C) 



— 

0.5 


(T C = 100°C) 




5.0 


(V C E = 360 Vdc, V BE ( off ) = 1 .5 Vdc, T C = 25°C) 



- 

0.5 


(T c = 100°C) 



~ 

5.0 


Collector Cutoff Current 

All Types 

>CEO 

- 

5.0 

mAdc 

(V CE = 150 Vdc, l B =0) 






♦Emitter Cutoff Current 


'EBO 



mAdc 

(V EB =6.0 Vdc, l C = 0) 

2N6211 


- 

1.0 



2N6212 


- 

0.5 



2N6213 


- 

"■ 0.5 



*ON CHARACTERISTICS (1) 


DC Current Gain 


hp E 



_ 

(I'c = 1-0 Adc, V C E = 2.8 Vdc) 

2N6211 


10 

100 


(1C = 1-0 Adc, V C E = 3.2 Vdc) 

2N6212 


10 

100 


(1C = 1 .0 Adc, Vce = 4.0 Vdc) 

2N6213 


10 

100 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(l C = 1 .0 Adc, l B = 125 mAdc) 

2N621 1 


- 

1.4 



2N6212 


- 

1.6 



2N6213 


- 

2.0 


Base-Emitter Saturation Voltage 

All Types 

v BE(sat) 

- 

1.4 

Vdc 

(1C = 1.0 Adc, l B = 125 mAdc) 







DYNAMIC CHARACTERISTICS 


♦Current Gain— Bandwidth Product (2) 

(l C = 200 mAdc, V C E = 10 Vdc, f test = 5.0 MHz) 

. f T 

20 

- 

MHz 

Output Capacitance (Vcb = 10 Vdc, l E = 0, f = 1 .0 MHz) 

nnr Ai/iMMiiai 

C 0 b 

- 

220 

PF 


♦SECOND BREAKDOWN 


♦Seconld Breakdown Collector Current with Base Forward Biased 
t = 1.0 s (non-repetitive) (Vce = 40 Vdc) 

<S/b 

0.875 

- 

Adc 

♦SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 200 Vdl:, l C = 1.0 Adc, 

I B 1 = lB2 = 0.125 Adc) 

tr 

- 

0.6 

MS 

Storage Time 

t S 

- 

2.5 

MS 

Fall Time 

tf 

- 

0.6 

MS 


♦Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0% 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Input: Hewlett-Packard 
Model No. 214A, 
or equivalent 


v BB = + 6 v O 

p - )! 1 — 1- — fo v-—- 

1 00 juf r b 25on 


> 

> 



10/uF 




Output to Oscilloscope 
(Tektronix Model No. 543A, 
or equivalent) 



Input from Pulse Generator 
(Pulse Duration = 20 Ms. 
Rep. Rate = 200 Hz) 


•Adjust Rg for l B 2 ancl f° r *C 
A lg<l and I g 2 measured with Tektronix Current 
Probe P6019 and Type 134 Amplifier, or equivalent 
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IB. BASE CURRENT (nA) 1C. COLLECTOR CURRENT (nA) hFE. DC CURRENT GAIN 


2N6211, 2N6212, 2N6213 


FIGURE 3 - DC CURRENT GAIN 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 6 - TEMPERATURE COEFFICIENTS 
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FIGURE 7 - BASE CUTOFF REGION 


FIGURE 8 - POWER DERATING 
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2N6211, 2N6212, 2N6213 


FIGURE 9 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 10 - TURN-ON TIME 
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FIGURE 11 - TURN-OFF TIME 


FIGURE 12 - CAPACITANCE 
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FIGURE 13 - THERMAL RESPONSE 




issmzmn 

WB^ainii 




SSpgZlIIIII 

■KKniiiii 


mea Bcamnam 


DUTY CYCLE. D = ti/t? 


R(/JC<«» = MU R 0JC 
R« JC = 5.0°C/W - 


PULSE TRAIN SHOWN 
READ TIME AT ti 

Tj(pk) = Tc = P(pk) Ri;jc(t) 






2N6233 (SILICON) 

2N6234 

2N6235 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . useful for high-voltage medium power applications such as 
switching regulators. 

® High Collector-Emitter Sustaining Voltage - 
v CEO(sus) = 225 Vdc “ 2N6233 
275 Vdc - 2N6234 
325 Vdc - 2N6235 

• DC Current Gain — hf£ = 25 to 125 — Iq = 1 -0 Adc 
© Low Collector-Emitter Saturation Voltage 
VcE(sat) = 0.5 Vdc (Max) @ lc - 1.0 Adc 
© High Frequency Response — f j = 20 MHz (Min) 

© Fast Switching Times @ 1 .0 Adc — 
t r = 0.5 jus (Max) 
t s = 3.5 ms (Max) 
tf = 0.5 ms (Max) 


•MAXIMUM RATINGS 


— 

Rating 

Symbol 

2N6233 

2N 6234 

2 N 6235 

Unit 

Collector-Emitter Voltage 

v CEO 

225 

275 

325 

Vdc 

Collector-Base Voltage 

V CB 

250 

300 

350 

Vdc 

Emitter-Base Voltage 

V EB 


Vdc 


Collector Current — Continuous 

Peak 

•c 


Adc 



Base Current 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

>B 

Pd 

o q 

Adc 

Watts 

W/°C 


0.286 

Operating and Storage Junction 
Temperature Range 

T J< T s tg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.5 

°C/W 


•Indicates JEDEC Registered Data. 



5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

225,275,325 VOLTS 
50 WATTS 



*— u — 

- A — 

B — 


' r 


SEATING PLANE 


STYLE 1: 

PIN 1. BASE 

. F -i | 2. EMITTER 

- J — - CASE: COLLECTOR 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

G 35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N6233, 2N6234, 2N6235 


•ELECTRICAL CHARACTERISTICS (T c - 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

— 

v CEO(sus) 



Vdc 

(lc = 20 mAdc, l B = O) 

2N6233 


225 

- 



2N6234 


275 

- 


- 

2N6235 


325 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 225, l B = 0) 

2N6233 


- 

1.0 


(V CE = 275. I b = 0) 

2N6234 


- 

1.0 


(V CE -325, l B = 0) 

2N6235 



1.0 


Collector Cutoft Current 


>CEX 



mAdc 

(V CE = 250 Vdc, V EB ( off ) = 1.5 Vdc, 

T c = 1 50°C) 

2N6233 


“ 

1.0 


(Vce = 300 Vdc, V EB ( 0 ff) = 1.5 Vdc, 
T C =150°C) 

2N6234 


~ 

1.0 


<V CE = 350 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

T c = 150°C) 

2N6235 


" 

1.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB = 250 Vdc. I E ~-0) 

2N6233 


- 

0.1 


(V CB = 300 Vdc, l E -0) 

2N6234 


- 

0.1 


(V CB - 350 Vdc, l E =0) 

2N6235 



0.1 


Emitter Cutoff Current 


'ebo 



mAdc 

(V BE = 6.0 Vdc, I C = 0) 




0.1 



ON CHARACTERISTICS (1) 


DC Current Gain 

(I C = 0-1 Adc, V C E ’ 5.0 Vdc) 

(I C = 1.0 Adc, V CE = 5.0 Vdc) 

(l C = 3.0 Adc, V CE = 5.0 Vdc) 

h FE 

25 

25 

10 

125 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(IC = 1.0 Adc, l B = 0.1 Adc! 


- 

0.5 


(IC = 5.0 Adc, l B --- 1.0 Adc) 



2.5 


Base Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(I C = 1.0 Adc, l B = 0.1 Adc) 


- 

1.0 


(l c = 5.0 Adc, l B = 1.0 Adc) 


- 

2.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 1 0 Adc, V CE = 5.0 Vdc) 


- 

1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product (2) 

(l c = 0.25 Adc, V C£ * 10 Vdc, f te$t = 10 MHz) 

f T 

20 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f =0.1 MHz) 

^ob 

- 

250 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

( V CC = 200 Vdc, l c = 1 .0 Adc, l B = 0.1 Adc) 

»r 

- 

0.5 

MS 

Storage Time 

(Vcc = 200 Vdc, l(; - 1 .0 Adc, l B -j - l B 2 -01 Adc) 

*s 

- 

3.5 

- MS 

Fall Time 

(V CC = 200 Vdc, l c = 1.0 Adc, I B1 = l B2 = 0.1 Adc) 

tf 

- 

0.5 

MS 


•Indicates JE DEC Registered Data. 

( 1 ) Pulse T est: Pulse Width 300 ms, Duty Cycle ^ 2 0%. 


(2) t T = |h fe J • f tes , 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 




Vcc = 200 



FOR INFORMATION ON FIGURES 3 and 6 
RB AND Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVEU; Di DIS- 
CONNECTED AND V2 REDUCED TO 5 
VOLTS FOR td MEASUREMENT. 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


!C, COLLECTOR CURRENT (AMP) 
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ic, COLLECTOR CURRENT (mA) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 


2N6233, 2N6234, 2N6235 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 - "ON" VOLTAGES 
1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C. COLLECTOR CURRENT (AMP) 



-0.1 0 +0.1 +0.2 +0.3 +0.4 


Vbe. BASE-EMITTER VOLTAGE (VOLTS) 
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2N6251 


HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

. . . designed for high voltage inverters, switching regulators and line 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Voltage Breakdown Rating 
® Low Saturation Voltages 
® Fast Switching Capability 
® High Es/b Energy Handling Capability 


MAXIMUM RATINGS 


Rating 


'Collector-Emitter Voltage 


'Collector-Emitter Voltage 


'Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous* 
— Peak 


Base Current -- Continuous* 
- Peak 


Emitter Current — Continuous 
— Peak 

Total Power Dissipation @ Tq = 25°C 
@T c = 100°c| 

Derate above 25°C* 


'Operating and Storage Junction 
Temperature Range 


Symbol 2N6249 2N6250 2N6251 Unit 


v CEO(sus) 


VCER(sus) 


V CB 


'c 

'cm 


>B 

*BM 


'E 

'em 


Pd 


T J» T stg 


200 


275 


350 


-15- 
-30 - 


- 10 - 

- 20 - 


- 25- 

- 50- 


-175- 

- 100 - 

- 1 . 0 - 


Vdc 


Adc 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R flJC 

1.0 

°C/W 

Maximum Lead Temperature for 

Soldering Purposes: 1/8” from Case 
for 5 Seconds 

t l 

275 

‘ °C 


* Indicates JEDEC Registered Data. 

**JEDEC Registered Value is 10 A, Motorola Guaranteed Value is 15 A. 



15 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

200, 275, 350 VOLTS 
175 WATTS 



J——L 


SEATING 

PLANE 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

22.23 

- 

0.875 

C 

6.35 

11.43 

0.250 

0.450 

0 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.460 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


CASE 11-03 
TO-3 
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2N6249, 2N6250, 2N6251 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(l C = 200 mA, l B =0) 2N6249 

2N6250 

2N6251 

v CEO(sus) 

200 

275 

350 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1) 

v CER(sus) 




(l C = 200 mA. ' 2N6249 


225 

- 


2N6250 


300 

- 


2N6251 


375 

- 


Collector Cutoff Current 

•CEV 




(VcE = Rated V C ER. V BE ( 0 ff) = 1.5 Vdc) 


- 



(V C E = Rated V CER . V BE(off , = 1.5 Vdc, T c = 125°C) 


- 



Collector Cutoff Current 

'CEO 




(V C E = 150 Vdc, l B = 0) 2N6249 


- 



(V CE = 225 Vdc, l B = 0) 2N6250 


- 



(V C E = 300 Vdc, l B = 0) , 2N6251 


- 



Emitter Cutoff Current 

•ebo 

- 

1.0 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward (Vce = 30 V) 
biased t = 1 .0 s (non-repetitive)- ( Vce = 1 00 V) 

'S/b 


- 

Vdc 

Second Breakdown Energy with base reverse biased (Table 1 ) 

(Iq = 10 A, V B E (off ) = 4.0 Vdc, L = 50 mH) 

E S/b 

2.5 

“ 

mJ 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 10 Adc, V CE = 3.0 Vdc) 

2N6249 

2N6250 

2N6251 

h FE 

10 

8.0 

6.0 

50 

50 

50 


Collector-Emitter Saturation Voltage 





Vdc 

(l c = 10 Adc, l B = 1.0 Adc) 

2N6249 


- 



(l c = 10 Adc, l B = 1.25 Adc 

2N6250 


- 



(Iq = 10 Adc, l B = 1.67 Adc) 

2N6251 


- 



Base-Emitter Saturation Voltage 




■ 


(l c = 10 Adc, l B = 1.0 Adc 

2N6249 


— 



(l c = 10 Adc, l B = 1.25 Adc) 

2N6250 


- 



(l c = 10 Adc, l B = 1.67 Adc) 

2N6251 


; 

■EH 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

*T 

2.5 

- 

MHz 

(l c = 1.0 Adc, V C E = 10 Vdc, f test = 1.0 MHz) 






SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) J 

Rise Time 

( V C c = 200 Vdc, l c = 10 A, Duty 

Cycle < 2.0%, t p = 100 ms) 

(l B 1 = 1 B2 = 1-0 Adc) 2N6249 
(l B 1 = ! B 2 = 1.25 Adc) 2N6250 
( 1 B 1 = >82= I ® 7 A dc) 2N6251 

tr 

- 

2.0 

MS 

Storage Time 

<s 


3.5 

MS 

Fall Time 

if 

- 

1.0 

MS 


* Indicates JEDEC Registered Data. 

(1) Measured on a curve tracer (60 Hz full-wave rectified sine wave). 
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Ic, COLLECTOR CURRENT (AMP) 


2N6249, 2N6250, 2N6251 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


l B i - 2 0 A 
+10 V 


RESISTIVE 

SWITCHING 


Leo 1 1 " 4 2 mH 

R co ,| = 07 H, f 0 = 60 Hz 

V CC - 0 to 50 V 


Lcoil = 14 mH 
RcqiI - 0 05 LI 
V CC -- 0 to 50 V 
f Q - 60 Hz 


IC = 10 A 
PW = 100ms 
t r t'. 5 ns 
tf < 50 ns 
Duty Cycle 2% 


L C o.l ■ 50 mH V CC = 1 1 5 V V CC - 200 \ 


INDUCTIVE TEST C IRCU IT 


OUTPUT WAVEFORMS 


Vcl^E ltj 



h — ‘i — * tfk- 


tj Adjusted to 
Obtain l c 


R s 

1 I “• v CE , 

k 

\ 

n 



U 


RESISTIVE TEST CIRCUIT 


20 e DC 

- Current 
p Probe 

[ Utut 


NOTE Set lc(pk) to Obtain Iq = 200 mA at Vcgotsus) Equal to Rated Value 
Adjust V C | amp Voltage for V ceo(sus) Rated Value. 


FIGURE 2 - THERMAL RESPONSE 




|^BS:|||SBSgS||jg|g|g|S|j|S|g^S8:ijSBBBSB88| 


KBIISSiiiflB 


5E5S 


ETUT 


ZflJC(t) = Ht) Rjjjc 


READ TIME ATti 


Tj(pk) -Tc = P(pk)Z 0 JC(t) 




FIGURE 3 - ACTIVE-REGION SAFE 
OPERATING AREA 



Tc = 25°C Unless Noted 


Bonding Wire Limit 


Thermal Limit, Single Pulse 


Second Breakdown Limit 



0.05 

0.03 

5.0 7.0 10 


10 20 30 50 70 100 200 300 500 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tq = 25°C, Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc 3* 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1. 

T J(pk) may t> e calculated from the data in Figure 2. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 













t. TIME (ns) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 





HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifer and 
switching circuit applications. 

° High Collector Emitter Sustaining Voltage — 

VCEO(sus) = 100 Vdc (Min) - 2N6274 
= 120 Vdc (Min) — 2N6275 
= 140 Vdc (Min) — 2N6276 
= 150 Vdc (Min) - 2N6277 

• High DC Current Gain - 

hFE = 30-120 @lc= 20 Adc 

= 10 (Min) @ Iq = 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 10 Vdc (Max) @ Iq = 20 Adc 

• Fast Switching Times @ lc = 20 Adc 

t r = 0.35 /is (Max) 
t s = 0.8 jus (Max 
tf = 0.25 /is (Max) 

© Complement to 2N6377-79 


50 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

100,120,140,150 VOLTS 
250 WATTS 



MAXIMUM RATINGS 

I Rating 




Symbol 2NS274 2N6275 2N6276 2N6277 Unit 



4-249 

































2N6274 thru 2N6277 


"ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


I Characteristic 

| Symbol | 

Min 


Unit 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage 
(lc = 50 mAdc, l B = 0) 

2N6274 

2N6275 

2N6276 

2N6277 

v CEO(sus) 


- 

Vdc 

Collector Cutoff Current 


'CEO 



U Adc 

(V CE = 50 Vdc, l B = 0) 

2N6274 


- 

50 


(V C E = 60 Vdc, l B = 0) 

2N6275 


- 

50 


(V CE = 70 Vdc, l B = 0) 

2N6276 


- 

50 


(V CE = 75 Vdc, l B = 0) 

2N6277 


- 

50 


Collector Cutoff Current 


'CEX 




(Vce = Rated Vc B , V EB ( 0 ff ) = 1.5 Vdc) 



- 

10 

MAdc 

(V C E = Rated V CB . V EB(off) = 1.5 Vdc, T C = 150°C) 



- 

1.0 

mAdc 

Emitter Cutoff Current 


'EBO 

- 

100 

MAdc 

(V BE = 6.0 Vdc. I C = 0) 







ON CHARACTERISTICS 0 ) 


DC Current Gain 

hFE 



- 

(IC = 1-0 Adc, V C e = 4.0 Vdc) 


50 

- 


(IC = 20 Adc, V CE = 4.0 Vdc) 


30 

120 


(Iq = 50 Adc, V C £ = 4.0 Vdc) 


10 

- 


Collector-Emitter Saturation Voltage 
(IC = 20 Adc, l B = 2.0 Adc) 

v CE(sat) 

_ 

1.0 

Vdc 

(l c = 50 Adc, l B = 10 Adc) 


- 

3.0 


Base-Emitter Saturation Voltage 
(IC = 20 Adc, l B = 2.0 Adc) 

v BE(sat) 

_ 

1.8 

Vdc 

0c - 50 Adc, l B - 10 Adc) 


- 

3.5 


Base-Emitter On Voltage 
(IC = 20 Adc, V C E = 4.0 Vdc) 

v BE(on) 

' ~ 

1.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(IC = 1.0 Adc, V C e = 10 Vdc, f tes t ~~ 10 MHz) 

fr 

30 

— 

MHz 

Output Capacitance 

(VCB ~ 1° Vdc, l E = 0, f = 0.1 MHz) 

^ob 


600 

PF 


SWITCHING CHARACTERISTICS 


Rise T ime 

(Vcc = 60 Vdc, lc - 20 Adc, l B i = 2.0 Adc, V BE ^ 0 ffj = 5.0 Vdc) 

tr 


0.35 

MS 

Storage Time 

(V C c = 80 Vdc, l c = 20 Adc, I B1 = l B2 - 2.0 Adc) 



0.80 

MS 

Fall Time 

(Vcc = 8 0 Vdc, lc = 20 Adc, l B i = l B2 = 2.0 Adc) 

tf 


0.25 

MS 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^2.0%. 

(2) f-j- - lhf e I • f test - 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 



Note: For information on Figures 3 and 6, Rb and Rc were 
varied to obtain desired test conditions. 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (AMP) 
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2N6274 thru 2N6277 


FIGURE 4 - THERMAL RESPONSE 


DUTY CYCLE, D = t-j/t2 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME AT ti 


Tj(pk)-Tc = P( p k)0JC(t) 


FIGURE 5 -ACTIVE REGION SAFE OPERATING AREA 


■Second Breakdown Limited 

• Bonding Wire Limited I 

• Thermally Limited ,:= 

: @ Tq = 25°C (Single Pulse) iz: 
' Curves Apply Below Rated BVcEO 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq-Vq£ limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^ 200°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


0.051 

0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 

In, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 


Vr, REVERSE VOLTAGE (VOLTS) 

















2N6282 thru 2N6284 NPN (SILICON) 
2N6285 thru 2N6287 PNP 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-frequency switching 
applications. 

• High DC Current Gain @ lc = 10 Adc - 

hFE = 2400 (Typ) - 2N6282, 2N6283, 2N6284 
= 4000 (Typ) - 2N6285, 2N6286, 2N6287 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 60 Vdc (Min) - 2N6282, 2N6285 
= 80 Vdc (Min) — 2N6283, 2N6286 
= 100 Vdc (Min) - 2N6284, 2N6287 

• Monolithic Construction with Built-In Base-Emitter Shunt 

Resistors 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N6282 

2N6285 

2N6283 

2N6286 

2N6284 

2N6287 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

20 

40 

Adc 

Base Current 

'b 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

160 

0.915 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 


"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.09 

°C/W 


’Indicates JEDEC Registered Data. 



DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60,80, 100 VOLTS 
160 WATTS 





STYLE 1: 

PIN 1. BASE NOTE: 

2. EMITTER 1. DIM "Q" IS DIA. 

CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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2N6282, 2N6283, 2N6284 IMPN 
2N6285, 2N6286, 2N6287 PNP 


^ELECTRICAL CHARACTERISTICS <T C = 25°C unle; 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l C = 0.1 Adc, l B = 0) 


Collector Cutoff Current 
(V C e = 30 Vdc, l B = 0) 

(V CE = 40 Vdc, l B = 0) 

(V CE = 50 Vdc, l B = 0) 

Collector Cutoff Current 

(Vce = Rated Vqb. v BE(off) = 15 Vdc) 

(V CE = Rated V CB , V B E(off) = 1-5 Vdc, T c = 150°C) 
Emitter Cutoff Current 
(V B E = 5.0 Vdc, Iq = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(1 C = 10 Adc, V CE = 3.0 Vdc) 

(l C = 20 Adc, V CE = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 Adc, l B = 40 mAdc) 

(lc = 20 Adc, l B = 200 mAdc) 

Base-Emitter On Voltage 

(l C = 10 Adc, Vqe = 3.0 Vdc) 

Base-Emitter Saturation Voltage 
(l c = 20 Adc, l B = 200 mAdc) 

DYN AMIC CHARACTERISTICS 

jnitude of Common Emitter Small-Signal Short-Circuit 
)rward Current Transfer Ratio 
c = 1 0 Adc, Vce = 3.0 Vdc, f = 1 .0 MHz) 

:put Capacitance 

^CB = 10 Vdc, l E = 0, f = 0.1 MHz) 


otherwise noted) 


Symbol | Min | Max [ Unit 


2N6282, 2N6285 
2N6283, 2N6286 
2N6284, 2N6287 

VcEO(sus) 

60 

80 

100 

- 

■ 

2N6282, 2N6285 

'CEO 


1.0 


2N6283, 2N6286 


- 

1.0 


2 N 6284, 2N6287 


- 

1.0 




_ 

0.5 




- 

5.0 



'ebo 

— 

2.0 




h FE 


18,000 

- 




- 



VcE(sat) 


2.0 

Vdc 



- 

3.0 



v BE(on) 

- 

2.8 

Vdc ' 


v BE(sat) 

- 

4.0 

Vdc 






MHz 

2N6282, 83, 84 
2N6285, 86, 87 

Cob 

- 

400 

600 

P f 


hfe 


- 

- 


FIGURE 3 - SWITCHING TIMES 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


1C, COLLECTOR CURRENT (AMP) 
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2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PIMP 


FIGURE 4 - THERMAL RESPONSE 



t. TIME (ms) 

ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6282, 2N6285 



FIGURE 6 - 2N6283, 2N6286 



FIGURE 7 - 2N6284, 2N6287 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe 
operating area curves indicate Iq — Vqe limits of the transistor that must be observed for reliable operation; i.e. the transistor must not 
be subjected to greater dissipation than the curves indicate. 

Thedataof Figures 5, 6and 7 is based or| Tj(nk) = 200°C; Tq is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjjpk) <20(Pc. T j (p(^) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 


FIGURE 8 -SMALL-SIGNAL CURRENT GAIN 



f, FREQUENCY (kHz) 



100 L L~,L1 LI Llil i L-LL UJii I JL-LL1LLU 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


Vr. REVERSE VOLTAGE (VOLTS) 
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NPN 

2N6282, 2N6283, 2N6284 


— Vce = 3.0V 

10,000 - ■ | — j -|- 

7000 HlTj = 150°C - 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 



m 



2.0 3.0 5.0 7.0 10 

IB, BASE CURRENT (mA) 


1.5 VeE(sat) @ «C/lB = 250 
VbE @ Vce = 3^ V F 


1 

III! 

III! 

SI 

III 

IIS! 

III! 


L v CE(sat) @ Ic/lB = 250 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7 



■ 

WESmtSEZEm 

■mill 

■mi 

Hi 


511 
mm 
rjul 
■il 


VcE(sat) @ IC/lB = 250 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


1C, COLLECTOR CURRENT (AMP) 


1C. COLLECTOR CURRENT (AMP) 




Ic, COLLECTOR CURRENT foA) e\j, TEMPERATURE COEFFICIENTS (mV/°C) 


2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 


NPN 

2N6282, 2N6283, 2N6284 


PNP 

2N6285, 2N6286, 2N6287 


FIGURE 13-TEMPERATURE COEFFICIENTS 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

IC, COLLECTOR CURRENT (AMP) 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC. COLLECTOR CURRENT (AMP) 


FIGURE 14-COLLECTOR CUTOFF REGION 



-0.6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1.0 +1.2 +1.4 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) 



+0.6 +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 -1.0 -1.2 -1.4 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 15 - DARLINGTON SCHEMATIC 
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2N6294, 2N6295 NPN (SILICON) 
2N6296, 2N6297 PNP 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier, low-frequency switching 
and hammer driver applications. 

• High DC Current Gain - 

h F E = 3000 (Typ) @ l c = 2.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 2.0 Vdc (Max) @ lc = 2.0 Adc 
® Collector-Emitter Sustaining Voltage 

VCEO(sus) = 60 Vdc (Min) - 2N6294, 2N6296 
= 80 Vdc (Min) - 2N6295, 2N6297 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


4 AMPERES 
DARLINGTON 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 80 VOLTS 
50 WATTS 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6294 

2N6296 

2N6295 

2N6297 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

*C 

co 

o o 

Adc 

Base Current 

>B 

80 

mAdc 

Total Device Dissipation @Tq = 25°C 
Derate above 25°C 

Pd 

50 

0.286 

Watts 

W/°C 


T J' T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

■KS39H 

Thermal Resistance, Junction to Case 

R 0JC 

3.5 

°C/W 


•Indicates JEDEC Registered Data 



U 

A — 

B - 


1 ! 

E , / 

SEATING PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



IBI 

mm 

mm 

MEMEMl 





mm 

IliM 

imii 







eeeb 

H3i 



BGBa 

MlkttB 

■M 

uwm 


HHKM 


mm 




HEM 




lnWf 

IimhII 



seeb 

|iKiLl~h 

ekeeb 


niTM 



OEM 



■SB 

liKTHiB 

IBH 





DEEM 

■31 



Uga 

mm 

■M 




GEBB 



KlHiilB 

mmm 

HEM 

'HiM 






All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N6294, 2N6295 NPIM/2N6296, 2N6297 PNP 


*E LECTRICA L CHARACTER I STICS (Tq = 25° C unless otherwise noted) 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l C = 50 mAdc, l B =0) 

Collector Cutoff Current 
(V C e = 30 Vdc, l B = 0) 

( V CE =40 Vdc, l B =0) 

Collector Cutoff Current 

(Vce = Rated Vc B »V E B(off) ~ 1-5 Vdc) 
(Vce = Rated Vc B /V BE ( 0 ff) = 1.5 Vdc) 
<Vqe = Rated Vc B ,V EB ( 0 ff) = 1.5 Vdc, 
T c = 1 50°C) 

(Vce = Rated V CB ,V BE ( of f) = 1.5 Vdc, 
T c = 150°C) 

Emitter Cutoff Current 
<V BE = 5.0 Vdc, l c = 0) 

ON CHARACTERISTICS 


DC Current Gain 

(l C = 2.0 Adc, V C e = 3.0 Vdc) 
(l C = 4.0 Adc, V C e = 3.0 Vdc) 










2N6294, 2N6296 
2N6295, 2N6297 

2N6294, 2N6296 
2N6295, 2N6297 

2N6294, 2N6295 
2N6296, 2N6297 
2N6294, 2N6295 

2N6296, 2N6297 


v CEO(sus) 
































2N6294, 2N6295 NPN/2N6296, 2N6297 PNP 


NPN 

2N6294, 2IM6295 


PIMP 

2N6296, 2N6297 


FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON” VOL' 

i 1 r m 2.0 


0.06 0.1 0.2 0.4 0.6 1.0 

1C, COLLECTOR CURRENT (AMP) 


vbe@ yc 

E = 3.0 V 
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VCE(sat) @ >C/'B = 2 
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2N6294, 2N6295 NPN/2N6296, 2N6297 PNP 


NPN 

2N6294, 2N6295 


PNP 

2N6296, 2N6297 


FIGURE 11 - TEMPERATURE COEFFICIENTS 


•Applies for I C/>B ^ h FE/2 


•Applies for In/lB < hpE^2 




0.04 0.06 0.1 


1C, COLLECTOR CURRENT (AMP) 


0.04 0.06 0.1 0.2 0.4 0.6 1.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUTOFF REGION 




).6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1.0 +1.2 +1.4 

VbE, BASE-EMITTER VOLTAGE (VOLTS) 


+0.6 +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 - 

VbE, BASE-EMITTER VOLTAGE (VOLTS) 


F’lGURE 13 - DARLINGTON SCHEMATICS 


Collector 


Collector 






2N6306, 2N6307, 2N6308 (SILICON) 


HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

. . . designed for high voltage inverters, switching regulators and line- 

operated amplifier applications. Especially well suited for switching 

power supply applications in associated consumer products. 

® High Collector-Base Voltage — 

V CB - 500 Vdc - 2N6306 
= 600 Vdc - 2N6307 
= 700 Vdc - 2N6308 

• Excellent DC Current Gain @ Iq = 3.0 Adc 
hpE = 15 - 75 - 2N6306, 2N6307 
= 12 -60- 2N6308 

® Low Collector-Emitter Saturation Voltage @ lc = 3.0 Adc 
VcE(sat) = 0.8 Vdc (Max) - 2N6306 
= 1.0 Vdc (Max) - 2N6307 
= 1.5 Vdc (Max) — 2N6308 

® Current Gain Bandwidth Product — 
fj = 5.0 MHz (Min) @ Iq = 0.3 Adc 


"MAXIMUM RATINGS 


8 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-350 VOLTS 
125 WATTS 


Rating 

Symbol 

2N6306 

2N6307 

2N6308 

Collector-Base Voltage 

V CB 

500 

600 

700 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 
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2N6306, 2N6307, 2N6308 


•ELECTRICAL CHARACTERISTICS |Tq = 25°C unless otherwise noted) 

1 Characteristic j Symbol 1 Min I Max 1 Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(Iq = lOOmAdc, l B = 0) 

2N6306 

2N6307 

2N6308 

v CEO(sus) 

250 

300 

350 


Vdc 

Collector Cutoff Current 


*CEO 



mAdc 

(VqE = Rated Vqeo. ( B = °> 



- 

0.5 


Collector Cutoff Current 


'CEX 



mAdc 

(V C E = 500 Vdc, V EB(of f) = 1.5 Vdc) 

2N6306 


- 

0.5 


(Vqe = 600 Vdc, V E g( 0 ff) = 1.5 Vdc) 

2N6307 


- 

0.5 


(Vqe = 700 Vdc, V E 0 ( o ff) = 1.5 Vdc) 

2N6308 


- 

0.5 


(VcE = 4 50 Vdc, V E 0 ( o ff) =1.5 Vdc, 

2N6306 


- 

2.5 


T C =150°C) 






(Vce = 550 Vdc, V E 0 ( o ff) = 1.5 Vdc, 

2N6307 


- 

2.5 


T C = 150°C) 






i (Vqe = 650 Vdc, V E 0 ( o ff) = 1.5 Vdc. 

2N6308 


- 

2.5 


T c = 150°C) 






Emitter Cutoff Current 


•ebo 



mAdc 

(V BE = 8.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 30Adc, V CE = 5.0 Vdc) 

(Iq = 8.0 Adc, V CE = 5.0 Vdc) 

2N6306, 2N6307 
2N6308 

2N6306, 2N6307 
2N6308 

h FE 

15 

12 

4.0 

3.0 

75 

60 


Collector-Emitter Saturation Voltage (1) 


v CE(sat) 



Vdc 

(Iq = 3.0 Adc, l B = 0.6 Adc) 

2N6306 


- . 

0.8 



2N6307 


- 

1.0 



2N6308 


- 

1.5 


(Iq = 80 Adc, l B = 2.0 Adc) 

2N6306, 2N6307 


- , 

5.0 


(Iq = 8.0 Adc, l B = 2.67 Adc) 

2N6308 


- 

5.0 


Base-Emitter Saturation Voltage ( 1 ) 


v BE(sat) 



Vdc 

(Iq = 8.0 Adc, l B = 2.0 Adc) 

2N6306, 2N6307 


- 

2.3 


(Iq = 8.0 Adc, l B = 2.67 Adc) 

2N6308 


- 

2.5 


Base-Emitter On Voltage (1) 


v BE(on) 



Vdc 

(Iq = 3.0 Adc, V CE = 5.0 Vdc) 

2N6306, 2N6307 


- 

1.3 



2N6308 


- 

1.5 


Second Breakdown Energy (Figure 2) 


E s/b 



mJ 

•'C(PK) = 3.0 Adc, L = 40 mH, R BE = 

3 k*2. V BB2 = 1.5 Vdc) 


- 

180 



DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product (2) 

(Iq = 0.3 Adc, V CE = 10 Vdc, f test = 1.0 MHz) 

'T 

5.0 


MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 


250 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vqq = 125 Vdc, Iq = 3.0 Adc, l B = 0 6 Adc) 

t r 

_ 

0.6 

MS 

Storage Time (3) 

(Vqq = 125 Vdc, Iq = 3.0 Adc, l B -| = 0.6 Adc, l B2 = 1.5 Adc) 

Pulse Width = 25 ms 

Pulse Width = 5.0ms 

ts 


16 

0.8 

MS 

Fall T ime 

(Vqq = 125 Vdc, Iq = 3.0 Adc, I B1 = 0.6 Adc, l B2 = 1.5 Adc) 

tf 

_ 

0.4 

MS 


(1) Pulse Test Pulse Width ^300 ms, Duty Cycle = 2 0% 

(2) f T = | hf e | • f test 

(3) "On” time is 25 ms. t s decreases with shorter pulse widths, being approximately 50% of the values shown at a 5 0 ms pulse width 
* Indicates JEDEC Registered Data 

FIGURE 2 - SECOND BREAKDOWN ENERGY TEST CIRCUIT AND WAVEFORMS 




Note A ! Input pulse width is increased until IC(PK) - 3.0 A 
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2N6306, 2N6307, 2N6308 


FIGURE 3 - THERMAL RESPONSE 



t. TIME (ms) 


FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate lc v CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tjjp^j = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk ) ^200°C. Tj( pk ) may be 
calculated from the data iri Figure 3. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 



t r , tf < 10 ns RB & Rc ARE VARIED TO OBTAIN 

Di - 1N3879 DESIRED TEST CONDITIONS. Di 

COLLECTOR-BASE JUNCTION OMITTED AND Vi REDUCED TO 

5.0 V FOR td and t r MEASUREMENTS 



1C. COLLECTOR CURRENT (AMP) 
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m 

216315 2N6316 
PNP 

216317 216318 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 


. . . designed for general-purpose power amplifier and switching 
applications. 


° Low Collector-Emitter Saturation Voltage — 
v CE(sat) = TO Vdc (Max) @ lc = 4.0 Adc 
© Low Leakage Current - IcEX = 0-25 mAdc (Max) 

© Excellent DC Current Gain — hpg = 20 (Min) @ Iq = 2.5 Adc 

© High Current Gain — Bandwidth Product — 
fj = 4.0 MHz @ lc = 0.25 Adc 


•MAXIMUM RATINGS 


Rating 

Symbol 

2N6315 

2N6317 

2N6316 

2N6318 

Unit 

Collector-Emitter Voltage 

VcEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

7.0 
' 15 

Adc 

Base Current 

•b 

2.0 

Adc 

Total Device Dissipation — Tq = 25°C 

Derate above 25°C 

p D 

90 

0.515 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J« T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Value 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.94 

°C/W 


•Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



7.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
90 WATTS 



|- U 1 


P B —I C 

i 



•s 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



MILLIV 

ETERS 

INC 

HES 

DIM 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

imi 

0.470 

0.500 

C 

6.35 

na 

0.250 

0.340 

□ 

0.71 

0.86 

0.028 

0.034 

IB 

ns 

■urtl 

■WW 

UkiMI 

\WM 

EBB 

K-JESW 


EES 

B 

KflS 


HEM 

tiWfiM 

H 

2.41 

2.67 

E5EM 

mm 

in 

IE It?-* 


MimiM 

EEEB 

K 

9.14 

- 


- 


- 


- 

EE3M 

Q 

MMM 

*l:« 

HEM 

WiyM 

S 

_ 


_ 

EMM 

T 

- 


- 

mm 

U 

- 


- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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NPIM 2IM6315, 2N6316 
PIMP 2IM6317, 2N6318 


•ELECTRICAL CHARACTERISTICS (Tc = 25°c unless otherwise noted) 

Characteristic I Symbol I Min I Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 100 mAdc, l B = 0) 

2N6315,2N6317 

2N6316.2N6318 

VcEO(sus) 

60 

80 

- 

88 

Collector Cutoff Current 


'CEO 




(V CE = 30 Vdc, l B = 0) 

2N6315.2N6317 


- 


H H 1 ■ . I 

(V CE = 40 Vdc. I B = 0) 

2N6316,2N6318 


- 


■ 

Collector Cutoff Current 


'CEX 



mAdc 

(Vqe = 00 Vdc, V BE ( 0 ff) - 1.5 Vdc) 

2N6315,2N6317 


- 

0.25 


(Vce “ 80 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N6316.2N6318 


- 

0.25 


(V CE = 60 Vdc V BE { off ) =1.5 Vdc,T c = 1 50°C) 

2N6315.2N6317 


- 

2.0 


(V CE = 80 Vdc.V BE(off , =1.5 Vdc,T c =150°C) 

2N6316.2N6318 


~ 

2.0 


Collector Cutoff Current 


>CBO 



mAdc 

(V CB = 60 Vdc, l E = 0) 

2N6315,2N6317 


- 

0.25 


(V CB = 80 Vdc, l E = 0) 

2N6316.2N6318 


- 

0.25 


Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc - 

(V EB = 5.0 Vdc, Iq = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 0.5Adc, V C E =4.0 Vdc) 




- 

(lC = 2.5 Adc, V CE = 4.0 Vdc) 





(l c = 7.0 Adc, V CE = 4.0 Vdc) 





Collector-Emitter Saturation Voltage (1) 

(l c = 4.0 Adc, l B = 0.4 Adc) 

VcE(sat) 

_ 

1.0 

Vdc 

(IC= 7.0 Adc, l B = 1.75 Adc) 


- 

2.0 


Base-Emitter Saturation Voltage (1) 
do = 7.0 Adc, l B = 1.75 Adc) 

v BE(sat) 

- 

2.5 

Vdc 

Base-Emitter On Voltage (1) 

(IC = 2.5 Adc, V C E = 4.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (2) 
dc = 0.25 Adc, V C E = 10 Vdc, f tes t = 1-0 MHz) 

*T 

4.0 

- 

MHz 

Outpi/t Capacitance 

(V CB = 10 Vdc. I E = 0. f = 1.0 MHz) 2N6317.2N6318 

2N6315.2N6316 

0ob 

- 

300 

200 

PF 

Small-Signal Current Gain 

(1C - 0.5 Adc, V CE = 4.0 Vdc, f = 1 .0 kHz) 

h fe 

20 

- 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

(V cc = 30 Vdc. I C = 2.5 Adc, 

1 b 1 = , B2 = 0-25 Adc) 

tr 

- 

0.7 

MS 

Storage Time 

ts 

- 

1.0 

MS 

Fall Time 

tf 

-- 

0.8 

MS 


•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^ 300 Ms. Duty Cycle £ 2 0%. 


(2) f T » lh fe | • f t Q*t 
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NPN 2N6315, 2N6316 
PNP 2N6317, 2N6318 


TYPiCAL CHARACTERISTICS 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN "ON" TIME 



t r , tf<10 ns 
DUTY CYCLE *=1.0% 


VCC 
-30 V 



FOR CURVES OF FIGURES 3 AND 5, R B AND R c ARE VARIED 
TO OBTAIN DESIRED CURRENT LEVELS. 

Di MUST BE FAST RECOVERY TYPE, e.g. 
MBD5300 USED ABOVE Is ' 100 mA 
MSD6100 USED BELOW lg = 100 mA 
FOR NPN TEST CIRCUIT, REVERSE ALL POLARITIES. 




FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 




1C. COLLECTOR CURRENT (AMPERES) 


Vr, REVERSE VOLTAGE (VOLTS) 






V. VOLTAGE (VOLTS) VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


NPN2IM6315, 2N6316 
PNP 2N6317, 2N6318 





nV/°C) 


NPN 2IM6315, 2N6316 
PNP 2N6317, 2N6318 


NPN 

2N6315 and 2N6316 


PNP 

2N6317 and 2N6318 


FIGURE 10 - TEMPERATURE COEFFICIENTS 

~r — i — r~r — i — m I + 2.5 rm 1 — t 


‘Applies for Ir/lR < hFE /4 


llHSSBSSSSi 


lieSilBBS 


BflflBBBSBil 




0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

1C, COLLECTOR CURRENT (AMPERES) 


_ +2.0 H“H — ’Applies for lc/lB<hFE/4i 
- I I I I I I I 


0VC for VcE(sat) 


niHRirj 

IBIIB1IJ 


iiiiiB s 


issilli 


0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

1C, COLLECTOR CURRENT (AMPERES) 


FIGURE 11 - COLLECTOR CUT OFF REGION 


0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 +0.7 

VBE, BASE-EMITTER VOLTAGE (VOLTS) 


I3393XE 

■BSPSESSSh 

BBiVl 

mrAwmmmm 

B 

B 

9S 

— 

— 

^9 

s 

B 


r MBSSm 

B 

B 

■ 

■ 

mmmmwA 

bbS 

M 

B 

s 

S 

S5E93S2SS 

B 

3 



B 

B 

s 

3 

BBS 

sB3 

B 

B 


+0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 - 

Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 12 - EFFECTS OF EXTERNAL BASE-EMITTER RESISTANCE 

I 1 I ' ~ 1 _ 101 

— ic = io x ices vce = 30v- jg 

T ! =F= I,o 

v/ L- uj 

\ Ic = 2 x f CES z 



< — ic 55 ices 




-(typical ices values 

-OBTAINED FROM FIGURE 11)- 


Tj, JUNCTION TEMPERATURE (°C) 


(typical ices values i — 

OBTAINED FROM FIGURE 11) 




60 80 
Ti, JUNCTION TEMPERATURE (°C) 








NPN 2IM6315, 2N6316 
PNP 2N6317, 2N6318 



1.2 I I L-L...1-J I I i i 1 S L-M— U 

5.0 7.0 10 20 30 50 70 100 

Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 


The data of Figure 13 is based on Tj(p|<) = 200°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjip^) <200°C. 
Tj(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 
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2N6338 (SILICON) 
thru 
2N6341 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

® High Collector-Emitter Sustaining Voltage - 
VCEO(sus) = 100 Vdc (Min) - 2N6338 
= 120 Vdc (Min) - 2N6339 
= 140 Vdc (Min) - 2N6340 
= 150 Vdc (Min) - 2N6341 

• High DC Current Gain — 

hpE = 30-120 @ lc= 10 Adc 
= 12 (Min) @ lc = 25 Adc 
° Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 10 Vdc (Max) @ Iq = 10 Adc 

• Fast Switching Times @ lc = 10 Adc 

t r = 0.3 /is (Max) 
t s = 1.0 /is (Max) 
tf = 0.25 /is (Max) 

© Complement to 2N6436— 38 


^MAXIMUM RATINGS 


Rating 

Collector-Base Voltage 


Symbol 

V CB 


2N6338 

120 


2N6339 2N6340 

140 160 


2N6341 

180 


Unit 

Vdc 


25 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

100, 120, 140, 150 VOLTS 
200 WATTS 



Collector-Emitter Voltage 


v CEO 


Emitter-Base Voltage 


V EB 


[Collector Current — Continuous 
Peak 


25 - 
50 - 


Totai Device Dissipation @ Tq = 25°C 
Derate above 25°C 


PD 


- 200 • 
-1.14 - 


Watts 

W/°C 


[Operating and Storage Junction 
Temperature Range 


T J. T stg 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

. Unit 

Thermal Resistance, Junction to Case 

°JC 

0.875 

°C/W 


• Indicates JEDEC Registered Data. 



A 



1. DIM "Q" ISDIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 


3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.54 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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2N6338 thru 2N6341 


FIGURE 4 - THERMAL RESPONSE 



0.5 0.7 1.0 2.0 3.0 5.0 10 20 30 


1C, COLLECTOR CURRENT (AMP) 


0.1 0.2 0.5 1.0 2.0 5.0 10 2 

Vr, REVERSE VOLTAGE (VOLTS) 




Ic, COLLECTOR CURRENT (mA) V, VOLTAGE (VOLTS) ' hFE. DC CURRENT GAIN 








(SILICON) 



HIGH-POWER PIMP SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

® High Collector Emitter Sustaining Voltage — 

VCEO (sus) = 80 Vdc (Min) - 2N6377 
- 100 Vdc (Min) — 2N6378 
= 120 Vdc (Min) - 2N6379 
° High DC Current Gain — 
hp£ = 30-120 @ lc = 20 Adc 
= 10 (Min) @ lc = 50 Adc 
° Low Collector-Emitter Saturation Voltage — 
v CE(sat) = 1.0 Vdc (Max) @ lc = 20 Adc 
® Fast Switching Times @ lc = 20 Adc 
t r = 0.35 /is (Max) 
t s = 0.8 /is (Max) 
tf = 0.25 /is (Max) 

• Complement to 2N6274-77 


50 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

80, 100,120 VOLTS 
250 WATTS 


: MAXIMUM RATINGS 


Rating 

Symbol 

2N6377 

2N6378 

2N6379 

Unit 

Collector-Base Voltage 

V CB 

100 

120 

140 

Vdc 

Collector-Emitter Voltage 

v CEO 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

V EB 


Vdc 


Collector Current — Continuous 
Peak 

>c 


Adc 

100 

Base Current 

>B 


Adc 


Total Device Dissipation @ 

T c = 25°C 

Derate above 25°C 

Pd 


Watts 

w/°c 

1 13 lDr~ 


Operating and Storage Junction 
Temperature Range 

T J< T stg 


°C 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

0.7 

°C/W 


* Indicates JE DEC Registered Data. 




DIM 

MILLIIt 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 
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2N6377 thru 2 N 6379 




j Symbol 


2N6380 

2N6381 

2N6382 

v CEO(sus) 

2N6380 

2N6381 

2N6382 

•'CEO 


•CEX 


•ebo 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


*OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ' ' Vq 

(l C = 50 mAdc, l B = 0) 2N6380 


Collector Cutoff Current — - — — - 

(Vqe = 50 Vdc, l B = 0) 

(Vce = 60 Vdc, Ib = 0) 

(V CE =70 Vdc, I B = 0) 

Collector Cutoff Current 

(V C E = 90% Rated V CB , V BE(of f) = 1.5 Vdc) 

(V CE = 90% Rated V CB , V BE(off ) = T.5 Vdc, T C = 150°C) 
Emitter Cutoff Current 
( V EB = 6.0 Vdc, l C = 0) 

*ON CHARACTERISTICS m 

DC Current Gain 

( l C = 1.0 Adc, V CE = 4.0 Vdc) 

(l C = 20 Adc, V CE - 4.0 Vdc) 

(l c = 50 Adc, V CE = 4.0 Vdc) 

Collector-Emitter Saturation Voltage 
(1C = 20 Adc, l B = 2.0 Adc) 

(1C = 50 Adc, l B = 10 Adc) 

Base-Emitter Saturation Voltage 
(l C = 20 Adc, l B = 2.0 Adc) 

(1C = 50 Adc, l B = 10 Adc) 


DYNAMIC CHARACTERISTICS 


* Current-Gain — Bandwidth Product (2) 

(l C = 1.0 Adc, V CE = 10 Vdc, f test = 10 MHz) 
Input Capacitance 

(V EB = 2.0 Vdc, l C = 0, f = 0.1 MHz) 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f - 0.1 MHz) 


SWITCHING CHARACTERISTICS (Figure 2) 


Rise Time 






















2 IS! 6377 thru 2N6379 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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3.0 5.0 7.0 10 20 30 50 70 100 

V CE , COLLECTOR-EMMITEH VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'VcE ■ irmts of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures is based on Tjfpk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 200°C. T j ( p k ) ma V be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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Vre, BASE-EMITTER VOLTAGE (VOLTS) 







NPN PNP 
2N6383 2N6648 
2N6384 2N6649 
2N6385 2N6650 


COMPLEMENTARY SILICON POWER 
DARLINGTON TRANSISTORS 

. . . monolithic complementary silicon Darlington transistors designed 
for low and medium frequency power applications such as power 
switching, audio amplifiers, hammer drivers, and shunt and series 
regi lators. 

• High Gain Darlington Performance 

• True Complementary Specifications 


15 AMPERE PEAK 

COMPLEMENTARY 
SILICON POWER 
DARLINGTON TRANSISTORS 

40-60-80 VOLTS 
100 WATTS 


^MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter Base Voltage 
Collector Current — Continuous 
Peak ( 1 ) * * 

Base Current — Continuous 
Total Power Dissipation 


Symbol 


2N6383 

2N6648 


2N6384 2N6385 

2N6649 2N6650 


v CEQ(sus) 

VCEX 

v CBO 

V EBQ 

•c 


40 

~4o" 

To" 


60 

"60~ 

~6cT 

Ifo 

To - 


80 

~80" 

To" 


[ CM 

'B 

PD 


• 15 • 
0.25 


Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 


Adc 


@ T C = 25°C (2) 


Derate above 25°C 

Operating and Storage Junction 
Temperature Range (2) 


T J< T stg 


THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Case 
Maximum Lead Temperature for Soldering 
Purposes. 1/32” from Case for 5 Seconds 


100 ► Watts 

— 0 571 ► W/°C 

-65 to +200 ► °C 


Symbol 

Max 

JC 

1.75 


235 


* Indicates JEDEC Registered Data. 

**Not JEDEC Registered. 

( 1 ) Pulse Width = 50 ms. Duty Cycle < 10%. 

(2) Exceeds JEDEC Registration for 2N6648, 2N6649, 2N6650. 
JEDEC Registration gives Pq = 70 W, Tj = 150°C. 


Collector Collector 






STYLE 1. 

PIN 1 BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 • 

_ 

1.560 

B 

- 

21 08 

- 

0 830 

C 

6 35 

7 62 

0.250 

0.300 

D 

0 99 

1 09 

0 039 

0.043 

E 

- 

3.43 

- 

0 135 

F 

29.90 

30 40 

1.177 

1 197 

G 

10.67 

11.18 

0.420 

0 440 

H 

5 33 

5.59 

0.210 

0 220 

J 

,16.64 

17 15 

0.655 

0 675 

K 

11.18 

12 19 

0.440 

0.480 

Q 

3 84 

4.09 

0.151 

0 161 

R 

- 

26.67 

- 

1 050 


Collector connected to case 
CASE 11 01 
(TO-3) 
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2N6383, 2N6384, 2N6385, NPN, 2N6648, 2N6649, 2N6650, PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


‘Collector-Emitter Sustaining Voltage (1) 

(l C = 200 mAdc, l B = 0 

2N6383, 2N6648 
2N6384, 2 N 6649 
2N6385, 2N6650 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(Vce ~ Bated Value) 



- 

1.0 


‘Collector Cutoff Current 


'CEV 



mAdc 

(V CE = Rated V CEO ( S us) Value, V BE(off) = 

1.5 Vdc) 


- 

0.3 


(V C E = Rated V CE0 (sus) Value, V BE ( off) = 

1.5 Vdc, T c = 1 50°C) 



3.0 


‘Emitter Cutoff Current 


'EBO 

- 

10 

mAdc 

(V EB = 5.0 Vdc, l c = 0) 






Collector-Emitter Sustaining Voltage (1 ) 


v CER(sus) 



Vdc 

(R BE = 100 12, l c = 200 mA) 

2N6383, 2 N 6648 


40 

- 



2N6384, 2N6649 


60 

- 



2N6385, 2N6650 


80 

- 


Collector-Emitter Sustaining Voltage (1) 


v CEV(sus) 



Vdc 

<V BE (off) = 1-5 V, I C = 200 mA) 

2N6383, 2N6648 


40 

- 



2N6384, 2N6649 


60 

- 



2N6385, 2N6650 


80 

- 



ON CHARACTERISTICS (1) 


‘DC Current Gain 

(l c = 5.0 Adc, V CE = 3.0 Vdc) 

(l c = 10 Adc, V CE = 3.0 Vdc) 

h EE 

1000 

100 

20,000 

“ 

‘Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

<I C = 5.0 Adc, l B = 0.01 Adc) 


- 

2.0 


(l c = 10 Adc, l B = 0.1 Adc) 


- 

3.0 


‘Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 5.0 Adc, V CE = 3.0 Vdc) 


- 

2.8 


(l c = 10 Adc, V CE = 3.0 Vdc) 


- 

4.5 


Diode Forward Voltage 1 

v F 

- 

4.0 

Vdc 

(l F = 10 Adc) 






•DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V CB - 10 Vdc, l E = 0, f test = 1.0 MHz) 

Cob 

- 

200 

pF 

‘Magnitude of Common-Emitter Small-Signal Short-Circuit 

Current Transfer Ratio 

dC = 1 0 Adc. V C E = 5.0 Vdc, f = 1 .0 MHz) 

lh fe l 

20 



Common Emitter Small-Signal Short-Circuit Forward 

Current Transfer Ratio 

(IC = 10 Adc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hfe 

1000 




SECOND BREAKDOWN 


Second Breakdown Collector Current with Base-Forward Biased 

'S/B 

See Figures 8 and 9 

Second Breakdown Energy with Base Reverse-Biased 

(L = 12 mH, R BE = 100 12, V BE(off ) = 1.5 Vdc, l c = 4.5 Adc) 

E s/b 

120 


mJ 


( 1 ) Pulse T est : Pulse Width = 300 ms, Duty Cycle < 2%. 
* Indicates JEDEC Registered Data. 
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ER VOLTAGE (VOLTS) -n h FE . CURRENT GAIN 


2N6383, 2ISI6384, 2N6385, NPN 



0.1 0.5 1 5 10 


l C , COLLECTOR CURRENT (AMP) 


IGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 



0.1 0.5 1 5 10 


l C , COLLECTOR CURRENT (AMP) 

FIGURE 5 - SWITCHING TIME TEST CIRCUIT 
(Shown for NPNT 



+ V 


0V 


f = 200 Hz 


20 Ms 


SWITCHING TIMES (ms) V be , BASE-EMITTER VOLTAGE (VOLTS) V CE , COLLECTOR EMITTER (VOLTS) 


2N6649, 2IM6650, PNP 


FIGURE 2 - COLLECTOR SATURATION REGION 



l C , COLLECTOR CURRENT (AMP) 


FIGURE 6 - SWITCHING TIMES 



0-1 1 I 1 1 1. ,..l 

1 2 3 5 

Iq, COLLECTOR CURRENT (AMP) 



RMAL 

LIZED) 


2N6383, 2N6384, 2N6385, NPN, 2N6648, 2N6649, 2N6650, PNP 


FIGURE 7 - THERMAL RESPONSE 



There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic^qe limits of 
the transistor that must be observed for reliable operation; 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 8 is based on Tq = 25°C; T j(pk) ' s 
variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated 


for temperature. 

Tj(pk) may be calculated from the data in Figure 7. At 
high case temperatures, see Figure 9, thermal limitations will 
reduce the current that can be handled to values less than 
the limitations imposed by second breakdown. Second break- 
down limitations do derate the same as thermal limitations. 
Allowable current at the voltages shown on Figure 8 may be 
found at any case temperature by derating linearly to 200°C. 


FORWARD BIASED SAFE OPERATING AREA 


FIGURE 8 — T C - 25°C 


FIGURE 9 - T C = 100°C 





2N6386 216387 


PLASTIC MEDIUM-POWER 
SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2500 (Typ) @ lc = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAdc 

VcEO(sus) = 40 Vdc (Min) - 2N6386 
= 60 Vdc (Min) -2N6387 
= 80 Vdc (Min) - 2N6388 
® Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 2.0 Vdc (Max) @ 1 C = 3.0 Adc - 2N6386 

= 2.0 Vdc (Max) @ Iq = 5.0 Adc - 2N6387, 2N6388 
® Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

® TO-220AB Compact Package 
© TO-66 Leadform Also Available 


DARLINGTON 
8 AND 10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

40-60-80 VOLTS 
65 WATTS 


•MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation C 
Derate above 25°C 


T c = 25°C 


Total Power Dissipation ' 
Derate above 25°C 


P T a = 25°C 


Operating and Storage Junction, 
Temperature Range 


Symbol 


VCEO 


V CB 


V EB 


PD 


Pd 


T J« T stg 


2N6386 2N6387 2N6388 


8.0 

15 


10 

15 


10 

15 


- 65 - 
-0.52- 


- 2.0 - 

-0.016- 


--65 to +150 “ 


mAdc 


Watts 

W/°C 


Watts 

W/°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.92 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

62.5 

°c/w 




STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTE. 

1. DIM. L8.H APPLIES 
TO ALL LEADS. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 


0.405 

IP 

4.06 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12T7CT 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

V 

1.14 

- 

0.045 

- 


CASE 221A-02 
TO-220AB 
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2N6386 2N6387 2N6388 NPN 


•ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

[ Characteristic | Symbol J Min | Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

VcEO(sus) 



Vdc 

(1C = 200mAdc, l B =0) 2N6386 


40 

- 


2N6387 


60 



2N6388 


80 

_ 


Collector Cutoff Current 

•CEO 




(V CE =40 Vdc, l B =0) 2N6386 


- 



(V CE =60 Vdc, l B =0) 2N6387 


_ 



<V CE = 80 Vdc. I B = 0) 2N6388 


- 



Collector Cutoff Current 

<CEX 



juAdc 

(V CE = 40Vdc, V EB ( off ) = 1.5 Vdc) 2N6386 


- 

300 


(V CE = 60 Vdc, V EB(off) = 1 .5 Vdc) 2N6387 


- 

300 


(V CE = 80 Vdc, V EB(off) = 1 .5 Vdc) 2N6388 


- 

300 


(V C E = 40 Vdc. V EB(off ) = 1 .5 Vdc, T c = 125°C) 2N6386 


- 

3.0 

mAdc 

(V CE = 60 Vdc, V EB ( off ) = 1.5 Vdc, T c = 125°C) 2N6387 


- 

3.0 


(V C E = 80 Vdc, V EB ( off ) = 1.5 Vdc, T c = 125°C) 2N6388 


- 

3.0 


Emitter Cutoff Current 

*EBO 

- 

5.0 

mAdc 

(V BE = 5.0 Vdc, l C =0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 3.0 Adc, V CE = 3.0 Vdc) 

(l C = 5.0 Adc, V CE = 3.0 Vdc) 

(l C = 8.0 Adc, V CE = 3.0 Vdc) 

(l C = 10 Adc, V CE =*=3.0 Vdc) 

2N6386 

2N6387, 2N6388 
2N6386 

2N6387, 2N6388 

hpE 

1000 

1000 

100 

100 

20000 

20000 

s 

Col lector- Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(l C = 3.0 Adc, l B = 0.006 Adc) 

2N6386 


_ 

2.0 


(l C = 5.0 Adc, l B = 0.01 Adc) 

2N6387, 2N6388 


- 

2.0 


(l C = 8.0 Adc, l B = 0.08 Adc) 

2N6386 


- 

3.0 


(l C = 10 Adc, l B = 0.1 Adc) 

2N6387, 2N6388 


- 

3.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(l C = 3.0 Adc, V CE = 3.0 Vdc) 

2N6386 


- 

2.8 


(l C = 5.0 Adc,V CE = 3.0 Vdc) 

2N6387, 2N6388 


_ 

2.8 


(l C = 8.0 Adc, V C E = 3.0 Vdc) 

2N6386 


- 

4.5 


(l C = 10 Adc, V CE =3.0 Vdc) 

2N6387, 2N6388 


- 

4.5 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l C = 1.0 Adc. V CE = 5.0 Vdc, f test =1.0 MHz) 

lh fe l 

20 

- 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

Cob 

- 

200 

PF 

Small-Signal Current Gain 

(lC = 1 .0 Adc, V CE = 5.0 Vdc, f = 1 .0 kHz) 

h fe 

1000 

- 

- 


* Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



FIGURE 3 - SWITCHING TIMES 
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2N6386 2N6387 2N6388 NPN 


FIGURE 4 - THERMAL RESPONSE 




■EM 


rjui 


OUTY CYCLE, D = tj/t2 


READ TIME AT ti 


Tj(pk) -Tc = P(pk) ZoJC(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



BONDING WIRE LIMITED 


CURVES APPLY BELOW RATED V CE0 


2.0 4.0 6.0 10 20 40 60 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j(pk ) - 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10 % provided T j( p |<) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 
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216436 (silicon) 

2N6437 

2N6438 


HIGH-POWER PNP SILICON TRANSISTORS 

...designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 80 Vdc (Min) — 2N6436 
= 100 Vdc (Min) - 2N6437 
= 120 Vdc (Min) -2N6438 

• High DC Current Gain — 

hFE = 20-80 @ lc = 10 Adc 
' = 12 (Min) @ lc = 25 Adc 

® Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1-° Vdc (Max) @ Iq = 10 Adc 
© Fast Switching Times @ lc = 10 Adc 
t r = 0.3 /is (Max) 
t s = 1.0 /is (Max) 
tf = 0.25 /is (Max) 

© Complement to NPN 2N6338 thru 2N6341 


25 AMPERE 
POWER TRANSISTORS 
PNP SILICON 

80,100, 120 VOLTS 
200 WATTS 



"MAXIMUM RATINGS 


Rating 

Symbol 

2N6436 

2N6437 

2N6438 

Unit 

Collector-Base Voltage 

V CB 

100 

120 

140 

Vdc 

Collector-Emitter Voltage 

v CEO 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

25 

50 

Adc 

Base Current 

•b 

- — 10 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

200 

1.14 ► 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

65 to +200 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

. Unit 

Thermal Resistance, Junction to Case 

r 0jc 

0.875 

°C/W 


•Indicates JEDEC Registered Data. 



u 


d- 


-f i: 


SEATING 

PLANE 



PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 

NOTE: 

1. DIM "Q" ISDIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

— IT — 

21.08 

- 

0.830 

C 

135^ 

7.62 

0.250 

0.300 

□ 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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2 IN! 6436, 2N6437, 2N6438 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol J Min | Max, J Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(1C = 50 mAdc, l B = 0) 

2N6436 

2N6437 

2N6438 

VcEO(sus) 

80 

100 

120 


Vdc 

Collector Cutoff Current 


‘CEO 



MAdc 

(Vce = 40 Vdc, l B = 0) 

2N6436 


- 

50 


(Vce = 50 Vdc, Iq = 0) 

2N6437 


- 

50 


(VcE = 50 Vdc, Iq = 0) 

'2N6438 


- 

50 


Collector Cutoff Current 


>CEX 



MAdc 

(Vce = 90 Vdc, V BE ( off ) =-1.5 Vdc) 

2N6436 


- 

10 


(V C E= HO Vdc. V BE<off) = -1.5 Vdc) 

2N6437 


- 

10 


(Vce = 130 Vdc, VRp(nff) = -1.5 Vdc) 

2N6438 


- • 

10 


(Vce = 80 Vdc. V BE ( off ) = -1.5 Vdc. 

2N6436 


- 

1.0 

mAdc 

T G = 1 50°C) 






(V C E = 100 Vdc, V BE(off) = -1.5 Vdc, 

2N6437 


- 

1.0 


T c = 1 50°C) 






(Vce = 120 Vdc. V BE(off } = -1.5 Vdc, 

2N6438 

I 

- 

1.0 


T c = 1 50°C 


I 




Collector Cutoff Current 


*CBO 



MAdc 

(V CB = 100 Vdc, l E = 0) 

2N6436 


- 

10 


(V C B = 120 Vdc, l E = 0) 

2N6437 


, 

10 


(V C B = 140 Vdc, l E =0) 

2N6438 


- 

10 


Emitter Cutoff Current 


>EBO 

- 

100 

MAdc 

( V EB = 6.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l C = 0.5 Adc, V C E = 2.0 Vdc) 

(l c = 10 Adc. V C e= 2.0 Vdc) 

(l c = 25 Adc, V C E = 2.0 Vdc) 

h FE 

30 

20 

12 

80 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(1C = 10 Adc, l B = 1.0 Adc) 


- 

1.0 


(l C = 25 Adc, l B = 2.5 Adc) 


- 

1.8 


Base-Emitter Saturation Voltage (1 ) 

v BE(sat) 



Vdc 

(l C = 10 Adc, l B = 1.0 Adc) 


- 

1.8 


(l c = 25 Adc, l B = 2.5 Adc) 


- 

2.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l C = 1.0 Adc, V C E= 10 Vdc, f test = 10 MHz) 

fT 

40 

- 

MHz 

Output Capacitance 

(V C E = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

~ 

700 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 80 Vdc, l c = 10 A, V BE(off) = 6.0 Vdc, I B1 = 1.0 Adc) 

tr 


0.3 

MS 

Storage 

(V C c = 80 Vdc, l c = 10 A, V BE(off) =6.0 Vdc. I B1 = l B2 = 1.0 Adc) 

t S 

- 

1.0 

MS 

Fall Time 

( V CG = 80 Vdc, l c = 10 A,V BE(off ) = 6.0 Vdc, I B1 = l B2 = 1 .0 Adc) 

«. 

~ 

0.25 

MS 


'Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^300 ms; Duty Cycle ^2.0%. 


FIGURE 2 - SWITCHING TIME TEST Cl RCUIT 


FIGURE 3 - TURN-ON TIME 


VCC 



Note: For information on Figures 3 and 6, Rg and Rq were 
varied to obtain desired test conditions. 
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2N6436, 2N6437, 2N6438 


FIGURE 4 - THERMAL RESPONSE 






Ic. COLLECTOR CURRENT (|iA) 


2N 6436, 2N6437, 2N6438 


FIGURE 8 - DC CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 




IC, COLLECTOR CURRENT (AMP) 
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Q l 1 L— J— LJ 1— Li I I I 1 I L-L i-U I I 

0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 

IB, BASE CURRENT (AMP) 


FIGURE 10 - "ON” VOLTAGE 




" 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 



+0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 



+0.16 +0.08 0 -0.08 -0.16 -0.24 


VbE. BASE-EMITTER VOLTAGE (VOLTS) 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 







NPN 



COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

® DC Current Gain Specified to 1 5 Amperes 
hpE = 20-1 50 @ lc = 5.0 Adc 
= 5.0 (Min) @ lc= 15 Adc 

© Collector-Emitter Sustaining Voltage — 

VCEO (sus) = 40 Vdc (Min) - 2N6486, 2N6489 
= 60 Vdc (Min) - 2N6487, 2N6490 
= 80 Vdc (Min) - 2N6488, 2N6491 

® High Current Gain — Bandwidth Product 
f T = 5.0 MHz (Min) @ l C =1-0 Adc 

® TO-220AB Compact Package 
® TO-66 Leadform Also Available 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N6486 

2N6489 

2N6487 

2N6490 

2N6488 

2N6491 

Unit 

Collector-Emitter Voltage 

VcEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

50 

70 

90 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

-a 15 ► 

Adc 

Base Current 

•b 

5.0 ► 

Adc 

Total Power Dissipation 
@ T C = 25°C 

Derate above 25°C 

Pd 

-«i 75 ► 

0.6 ► 

Watts 

W/°C 

Total Power Dissipation 
@ T A = 25°C 

Derate above 25°C 

Pd 

-3 1.8 B- 

0.014 ► 

Watts 
W/° C 

Operating and Storage Junction 
Temperature Range 

T J* T stg 

-*s- 65 to +150 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 .67 

°C/W 

Thermal Resistance. Junction to Ambient 

R 0JA 

70 

°c/w 


•Indicates JEDEC Registered Data 



15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-60-80 VOLTS 
75 WATTS 




STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


NOTE: 

1. DIM. L & H APPLIES 
TO ALL LEADS. 


DIM 

MILLIMETERS 

INCHES j 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 ■ 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

T -1 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

_VLj 

1.14 

- 

0.045 

- 


CASE 221A-02 
TO-220AB 
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2N6486 2N6487 2N6488 NPN 
2N6489 2N6490 2N6491 PNP 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic [ Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

VcEO(sus) 



Vdc 

(l c = 200 mAdc, lg = 0) 2N6486, 2N6489 


40 

- 


2N6487, 2N6490 


60 

- 


2N6588, 2N6491 


80 

- 


Collector-Emitter Sustaining Voltage (1 ) 

V CEX 



Vdc 

(l C = 200 mAdc, V BE = 1 .5 Vdc) 2N6486, 2N6489 


50 

- 


2N6487, 2N6490 


70 

- 


2N6488, 2N6491 


90 

- 


Collector Cutoff Current 

'CEO 



mAdc 

(V C E = 20 Vdc. I B =0) 2N6486, 2N6489 


- 

1.0 


(V CE = 30 Vdc, l B = 0) 2N6487, 2N6490 


- 

1.0 


(V CE = 40 Vdc, l B =0) 2N6488, 2N6491 


- 

1.0 


Collector Cutoff Current 

'CEX 



MAdc 

(V CE = 45 Vdc, V EB ( off ) = 1 .5 Vdc) 2N6486, 2N6489 



500 


(V CE = 65 Vdc, V EB ( off ) = 1 .5 Vdc) 2N6487, 2N6490 



500 


(V CE = 85 Vdc, V EB ( off ) = 1 .5 Vdc) 2N6488, 2N6491 


- 

500 


(V CE = 40 Vdc, V EB ( off ) = 1 .5 Vdc, T c = 150°C) 2N6486, 2N6489 


- 

5.0 

mAdc 

(V CE = 60 Vdc, V EB ( 0 ff) = 1 .5 Vdc, T C = 1 50°C) 2N6487, 2N6490 


- 

5.0 


(V CE = 80 Vdc, V EB ( off ) = 1 .5 Vdc, T c = 1 50°C) 2N6488, 2N6491 


- 

5.0 


Emitter Cutoff Current 

'ebo 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc, lc = 0) 






ON CHARACTERISTICS 


DC Current Gain 

(Iq = 5.0 Adc, Vqe = 4.0 Vdc) 

(IC = 15 Adc. Vqe =4.0 Vdc) 

h FE 

20 

5.0 

150 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

Oc « 5.0 Adc, l B =0.5 Adc) 


- 

1.3 


(1C = 15 Adc, l B = 5.0 Adc) 


- 

3.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 5.0 Adc, Vce = 4.0 Vdc) 


- 

1.3 


(l C = 15 Adc, V C E = 4.0 Vdc) 


- 

3.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(l C = 1 .0 Adc, V C E = 4.0 Vdc, f test = 1 -0 MHz) 

*T 

5.0 

- 

MHz 

Small-Signal Current Gain 

(l C = 1 .0 Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

hfe 

25 

- 

- 


indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
(2)f T = Ihfel « f t est- 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



25 Ms 


1 1 


L_ 

10 v 

Z 1 


Scope 


Rg and Rq varied to obtain desired current levels. 
For PNP reverse all polarities. 


D1 must be fast recovery type, e.g.; 
MBD5300 used above lg ** 100 mA 
MSD6100 used below lg « 100 mA 


FIGURE 3 - TURN-ON TIME 
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I C , COLLECTOR CURRENT (AMP) 


2N6486 2IM6487 2N6488 NPN 
2N6489 2N6490 2N6491 PNP 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



ii i i — i — 1.- 1 ,1. 1 1 i. i_ i .l i .jj . 

2.0 4.0 10 20 40 60 80 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) ^ 150°C. Tjjpk) may be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - TURN-OFF TIME 

5000 


1000 
! 500 

200 
100 
50 

0.2 0.5 1.0 2.0 5.0 10 20 

lr, COLLECTOR CURRENT (AMP) 



FIGURE 7 - CAPACITANCES 



Vo, REVERSE VOLTAGE (VOLTS) 









VOLTAGE (VOLTS) VcE. c 0 LLECT 0 R.EMITTER VOLTAGE (VOLTS) h FE. DC CURRENT GAIN 


2N6486 2N6487 2IM6488 
2N6489 2N6490 2N6491 



l C( COLLECTOR CURRENT (AMP) 


IQ. COLLECTOR CURRENT (AMP) 










(TYPICAL Ices VALUES 

OBTAINED FROM FIG. 12) = = - 

40 60 80 100 12 

Tj, JUNCTION TEMPERATURE (°C) 




Tj. JUNCTION TEMPERATURE (°C) 










5 NPN 



NPN SILICON POWER SWITCHING TRANSISTOR 

Double Diffused epitaxial mesa technology combining high-speed 
switching with rugged power handling capability. 

• High-Speed Switching Times — 

t on = 350 ns (Max) 
t 0 ff = 350 ns (Max) 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 0.75 Vdc (Max) @ l C = 5.0 Adc 
= 1.5 Vdc (Max) @ Iq = 10 Adc 

• Current-Gain— Bandwidth Product — 

f j = 15 MHz (Typ) @ lc = 5.0 Adc (See Figure 1) 

® High Safe Operating Area - Full Power Rated to Vce = 20 Vdc 

Designed for Use in: • Converters 

• Switching Control Amplifiers • Inverters 

• Switching Regulators • Power Oscillators 


10 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

80 VOLTS 
70 WATTS 
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2N6495 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Maw | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C =-100 mAdc, l B = 0) 

v CEO(sus) 

80 

- 

Vdc 

Collector Cutoff Current 

>CEX 




(VcE 25 140 Vdc, V BE ( off) = 1.5 Vdc) 


- 

100 

nAdc 

( V CE = 70 Vdc. V BE ( off ) » 1 .5 Vdc. T C = 200°C) 


- 

5.0 

mAdc 

Emitter Cutoff Current 
(V BE = 6.0 Vdc. I C = 0) 

>EBO 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(l c = 1 0 Adc, V CE = 3.0 Vdc) 

h F E 

10 

60 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 



H||| 

(l c = 10 Adc, l B = 1.0 Adc) 


- 

1.5 

■ 

(l C = 5.0 Adc, l B = 1.0 Adc) 


- 

0.75 


Base-Emitter Saturation Voltage 

VBE(sat) 

- 

2.2 

|| 

(l C = 10 Adc. I B = 1.0 Adc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

fT 

25 

- 


(Iq = 1,0 Adc, Vce= 10 Vdc, f = 10 MHz) 






SWITCHING CHARACTERISTICS 


Turn-On Time 

( V CC = 30 Vdc. 1 c = 1 0 Adc, 1 B1 = 1 .0 Adc) 

t on 

- 

350 

ns 

Turn-Off Time 

(V CC = 30 Vdc, l C = 10 Adc, l B i = l B 2 = 1 0 Adc) 

toff 

- 

350 

ns 


indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 -TURN-ON TIME 



Rg and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg: 

MBD5300 USED ABOVE Ib * 100 mA 
MS06100 USED BELOW Ib * 100 mA 
FOR td and t r . DI IS DISCONNECTED AND V2 * 0. 
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2N6495 


FIGURE 4 - THERMAL RESPONSE 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'VqE lim ' ts of the transistor 
that must be observed for reliable operation; i .e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tq = 25°C; Tj( p k) is variable 
depending on power level. Second breakdown pulse limits are 
valid for duty cycles to 10% but must be derated for temperature 
according to Figure 6. 


FIGURE 7 - TURN OFF TIME 




0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (°C) 


Tj(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. Second breakdown limitations do not derate 
the same«as thermal limitations. Allowable current at the voltages 
shown on Figure 5 may be found at any case temperature by 
using the appropriate curve on Figure 6. 


FIGURE 8 - CAPACITANCE 
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Ic, COLLECTOR CURRENT (nA) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N6495 







HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 


• ■ • designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Collector-Emitter Sustaining Voltage — v 

VCEO(sus) = 250 Vdc (Min) - 2N6497 
= 300 Vdc (Min) - 2N6498 
= 350 Vdc (Min) - 2N6499 

• Excellent DC Current Gain - 

hpE = 10 - 75 @ Iq = 2.5 Adc 

• Low Collector-Emitter Saturation Voltage @ Iq = 2.5 Adc — 

VcE(sat) = 10 Vdc (Max) - 2N6497 
= 1.25 Vdc (Max) - 2N6498 
= 1.5 Vdc (Max) - 2N6499 


5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

250, 300. 350 VOLTS 
80 WATTS 



•MAXIMUM RATINGS 


Rating 

Symbol 

2N6497 

2N6498 

2N6499 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 

Collector-Base Voltage 

V CB 

350 

400 

450 

Emitter-Base Voltage 

V EB 


— 6.0 — 


Collector Current — Continuous 

•c 


— 5.0 — 




__L 


Q 

.T1 

nil 

1 

A A 

U 

H 

~ r 


— L 

JU 

— N 

— ■ - G 


STYLE 1 

PIN 1 BASE 

2 COLLECTOR 

3. EMITTER 

4. COLLECTOR 

[millimeters! inches" 

MIN I M 
0.595 O.l 











2N6497, 2N6498, 2N6499 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless Otherwise noted.) 

| Characteristic | Symbol 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) . 

(I C = 25 mAdc, l B = 0) 

2N6497 

2N649S 

2N6499 

v CEO(sus) 

250 

300 

350 

Vdc 

Collector Cutoff Current 



*CEX 

mAdc 

(V C E = 350 Vdc, V BE ( off ) = 

.5 Vdc) 

2N6497 

1.0 


(V CE = 400 Vdc, V B e ( off ) = 

.5 Vdc) 

2N6498 

1.0 


(V CE = 450 Vdc, V BE ( off ) = 

.5 Vdc) 

2N6499 

1.0 


(V CE = 175 Vdc, V BE ( off ) = 

.5 Vdc, T c = 100°C) 

2N6497 

10 


(Vc E = 200 Vdc. V BE ( off ) « 

.5 Vdc. T C = 100°C) 

2N6498 

10 


(V CE = 225 Vdc. V B e ( of f ) = 

.5 Vdc. T c = 100°C) 

2N6499 

10 


Emitter Cutoff Current 



o 

O 

s 

mAdc 

(V BE = 6.0 Vdc. I C = 0) 



1 1 1 



ON CHARACTERISTICS (1) 



DC Current Gain 

(IC = 2.5 Adc, V CE = 10 Vdc) 

( l C = 5.0 Adc. V CE = 1 0 Vdc) 


Collector-Emitter Saturation Voltage 
(l c = 2.5 Adc. I B = 500 mAdc) 

2N6497 

(l C = 5.0 Adc. I B = 2.0 Adc) 

2N6498 

2N6499 

All Devices 

Base-Emitter Saturation Voltage 
(l C = 2.5 Adc. I B = 500 mAdc) 

(l c = 5.0 Adc, l B = 2.0 Adc) 



jvTffl 7 . |[»€h:m; r-Ti i a ;i m i iffi 


Current-Gain— Bandwidth Product 

(IC= 250 mAdc, V CE = 10 Vdc. f = 1.0 MHz) 


Output Capacitance 

(V CB = 10 Vdc, I E = 0. f = 100 kHz) 


SWITCHING CHARACTERISTICS 

Rise Time 

(V cc = 125 Vdc. I C = 2.5 Adc, I B1 = 0.5 Adc) 


Storage T i 

(V CC = 125 Vdc, lc = 2.5 Adc, V b e = 5.0 Vdc, l B i = 102 = 0 5 Adc) 
Fall Time 

(V CC = 125 Vdc. I C = 2.5 Adc, I B1 = l B 2= 0.5 Adc) 
















2N6497, 2N6498, 2N6499 


FIGURE 3 - THERMAL RESPONSE 



FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 




1C. COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second ‘breakdown. 
Safe operating area curves indicate lc - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 4 is based on Tq = 25°C; Tj( p |<) is 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p k) ^150°C. Tj( p |<) 
may be calculated from the data in Figure 3. At high case temp- 
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 4 may be found at any case temperature by using the 
appropriate curve on Figure 6. 



Tc, CASE TEMPERATURE (°C) 


Circuit diagrams external to or containing Motorola products are included as a means of illustration only. Complete information 
sufficient for construction purposes may not be fully illustrated. Although the information herein has been carefully checked and is believed 
to be reliable. Motorola assumes no responsibility for inaccuracies. Information herein does not convey to the purchaser any license under 
the patent rights of Motorola or others. 

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right 
to make any changes to the information and the product(s) to which the information applies and to discontinue manufacture of the 
product(s) at any time. 
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Ic. COLLECTOR CURRENT (^A) V. VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N6497, 2N6498, 2N6499 






Designer's 


Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The 2N6542 and 2N6543 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 volt line op- 
erated switch-mode applications such as: 


• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



5 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
100 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




Symbol 


v CEO(sus) 



♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter Base Voltage 


Collector Current — Continuous 
— Peak (1 ) 


Base Current — Continuous 
-Peak (1) 


Emitter Current — Continuous 
- Peak (1) 


Total Power Dissipation @ Tq = 25°C 
@T C = 100°C 

Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 


Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width - 5 ms, Duty Cycle < 10%. 
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2N6542, 2N6543 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic [ Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1) 


v CEO(sus) 



Vdc 

(l c = 100 mA, l B - 0) 

2N6542 


300 

- 



2N6543 


40C 

- 


Collector-Emitter Sustaining Voltage (Table 1, Figure 13) 


v CEX(sus) 



Vdc 

d C = 2.6 A, V clamp = Rated V CEX , T C = 100°C) 

2N6542 


350 

- 



2N6543 


450 



(•C = 5.0 Adc, V c | amp = Rated VcEO “100 V, 

2N6542 


200 

- 


T c = 1 00°C) 

2N6543 


300 

- 


Collector Cutoff Current 


>CEV 



mAdc 

< V CEV = Rated Value, Vgg (off) = I- 5 Vdc) 



- 

0.5 


< V CEV = Rated Value, V B g ( 0 ff) = 1.5 Vdc, Tq = 100°C 



- 

3.0 


Collector Cutoff Current 


•CER 

_ 

3.0 

mAdc 

(Vq E = Rated Vqev> r BE = 50 Tq = 100°C) 




Emitter Cutoff Current 


'EBO 

_ 

1.0 

mAdc 

(V EB = 9.0 Vdc, l c = 0) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

*S/b 

0.2 

_ 

Adc 

t = 1 .0 s (non-repetitive) ( Vq E = 1 00 Vdc) 





ON CHARACTERISTICS (1) 


DC Current Gain 

( 1 C = 1.5 Adc, V CE = 2.0 Vdc) 

(l c = 3.0 Adc, V CE = 2.0 Vdc) 

hpE 


60 

35 

~ 

Collector-Emitter Saturation Voltage 




Vdc 

(Iq = 3.0 Adc, lg = 0.6 Adc) 


- 

1.0 


(l c = 5.0 Adc, lg = 1.0 Adc) 


- 

5.0 


(l C = 3.0 Adc, lg = 0.6 Adc, T C = 100°C) 


- 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(Iq = 3.0 Adc, lg = 0.6 Adc) 


- 

1.4 


(l c = 3.0 Adc, lg = 0.6 Adc, T c = 1 00°C 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(Iq = 200 mAdc, V CE = 10 Vdc, f tes t = 1-0 MHz) 

*T 

6.0 

28 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 1.0 MHz) 

.a 

o 

o 

50 

200 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V CC = 250 Vdc, l c = 3.0 A, 
l B 1 = 1 B 2 = 0.6 A, t p = 100 ms, 

Duty Cycle < 2.0%) 

td 

- 

0.05 

MS 

Rise Time 

tr 

- 

0.7 

MS 

Storage Time 

Is 

- 

4.0 

MS 

BUKSuSHHI 


tf 

- 

0.8 

MS 

Inductive Load, Clamped (Table 1) \ 

Storage Time 

(Iq = 3.0 A(pk), V c | amp = Rated Vq E x , 


- 

4.0 

MS 

Fall Time 

I B1 = 0.6 A, VgE(off) = 5.0 Vdc , T c = 100°C) 


■ 

0.8 

MS 


Storage Time 

(Iq = 3.0 A(pk), V c | amp = Rated V CEX , 

t S 

1.1 

MS 

Fall Time 

I B1 = 0.6 A, V BE ( 0 ff) = 5.0 Vdc, T C = 25°C) 

,f I 

0.12 

MS 


•Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 
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2N6542, 2N6543 



DESIGNERS INFORMATION FOR APPLICATIONS 
AND SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for switch-mode applications are voltage and 
current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2 .^ ) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are im- 
portant in switch-mode applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vqc after the device is com- 
pletely off (see load line diagrams at lc = leakage *** 0 
in Table 2). The blocking capability at this point de- 
pends on the base to emitter conditions and the device 
junction temperature. Since the highest device capability 


(1)For detailed information on specific switching applications, 
see Motorola Application Notes AN-588, AN-719, AN-737, 
AN-752, AN-767 


occurs when the base to emitter junction is reverse 
biased {Vc£\/)» th is is the recommended and specified 
use condition. Maximum IcEV at fated Vqev is specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive com- 
ponent, high current and voltage can exist simultaneously 
during turn-on and the pulsed forward bias SOA curves 
(Figure 12) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vqex(sus) at a 
given high collector current and represents a voltage- 
current condition that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

As shown on the reverse bias SOA curve in Figure 13, 
two voltage levels are specified, one at the maximum 
continuous current level and one near the recommended 
operating level so that both normal and fault/transient 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 
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conditions can be taken into consideration. In the four 
application examples (Table 2) load lines are shown in 
relation to the pulsed forward and reverse biased SOA 
curves. Note that the boundary along the Iq = 0 axis 
extends to VcEV- 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output reactifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to limit the leakage spike to < Vcex(sus) 
during turn-off and < VcEV after turn-off (i.e. @ 
•C< ICEV)- 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1 ) The device thermal limitations are not exceeded. 

(2) The turn-on time or pulse width does not exceed 
10 (is (see standard pulsed forward SOA curves in 
Figure 12). 

(3) The base drive conditions are similar to those 
specified on the data sheet (See Table 1), i.e., 
VBE(off)< 5 V. 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 
handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 3 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tf). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn.-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 8 and 
Table 3 and resistive loads in Figures 9 and 10. Usually 
the inductive load component will be the dominant 
factor in switch-mode applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


cycle. Typically, forward biased secondary breakdown 
Os/b) is not a problem in switching applications because 
of the relatively higher current capability in the forward 
biased mode. The forward biased SOA curves provide 
adequate information for these conditions. 

Reverse biased secondary breakdown (Es/b) is quite 
different and a more complex situation from both design 
and specification standpoint. The Eg/b rating is intended 
to define the amount of energy that the device can 
absorb while it is in a reverse biased avalanche mode 
(unclamped). The major problems in specifying Eg/b are: 

(1) Individual device capability can vary by more than 
an order of magnitude within the same production 
lot. 

(2) Energy handling capability is not constant within 
the same device family when the test conditions 
are changed. 

(3) Eg/b testing is often destructive when a device 
actually goes into secondary breakdown. 

(4) Some device families exhibit very limited capability 
in the avalanche condition. 

(5) Depending on the device and test conditions, some 
devices may not reach the avalanche condition 
during the test. 

For these reasons, the most reliable design approach 
is to avoid this mode of operation by clamping or 
snubbing the main inductive load component and mini- 
mizing leakage inductance whenever possible. The Eg/b 
specification does provide a boundary condition repre- 
sented in Figure 7. 

FIGURE 7 - COLLECTOR CURRENT versus UNCLAMPED 
LOAD INDUCTANCE 



Operation with an unclamped inductance is safe within 
the shaded area provided the base drive conditions are 
similar to or less severe than the specified conditions 
shown in Table 1, i.e., VBEE(off) < 4 V, Rgg >500 and 

. „ . L L (VcEX> 

^effective - v C EX-Vcc 
where L|_ = Circuit Leakage Reactance 


SECONDARY BREAKDOWN REQUIRMENTS 

Secondary breakdown capability is important in 
switching applications because of the turn-on and turn- 
off conditions that can exist during the switching 


TEMPERATURE REQUIREMENTS 

The important parameters on this data sheet have 
been specified at a case temperature of 100°C to repre- 
sent a recommended worst case design condition. 
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TABLE 3- INDUCTIVE SWITCHING 
PERFORMANCE 


•c 

(A) 

I C 

°C 

t s 

MS 

tv 

MS 

tf 

MS 

tt 

MS 

t v +tf+t t 

MS 

1.0 

25 

0.70 

0.22 

0.21 

0.23 

0.66 


100 

1.20 

0.37 

0.19 

0.39 

0.95 

3.0 

25 

1.10 

0.09 

0.12 

0.08 

0.29 


100 

1.60 

0.42 

0.19 

0.40 

1.01 

5.0 

25 

1.10 

0.16 

0.19 

0.11 

0.46 


100 

1.70 

0.45 

0.37 

0.26 

1.08 


Note: All Data Recorded in the Inductive Switching 
Circuit Shown in Table 1. 


To facilitate volume production testing, maximum 
inductive switching limits for these transistors are speci- 
fied using conventional measurement techniques, e.g. 
t s (max) is measured from the point where I b 1 has de- 
creased 10% to the point where I q has decreased 10%, 
and tf{max) is measured between the 90% and 10% points 
on the I Q waveform. In most applications, a large per- 
centage of the total device power dissipation occurs 
during the fall time and tf is normally used as a figure 
of merit when choosing a device for a switch-mode 
application. However, there are two portions of the 
turn-off waveform that can add losses and in some cases 
these losses can become a significant portion of the 
total device dissipation. 

Figure 8 shows an enlarged portion of the inductive 
switching waveform during turn-off. The interval labeled 
t v is part of the storage time interval (t s ) and is defined 
as voltage switching time. During this interval the tran- 
sistor collector to emitter voltage changes from a satura- 
tion level to a level equal to or approaching the clamp 
voltage while the collector current has only changed by 
10%. Typical values for this time interval at various 
current levels are shown in Table 3 at 25°C and 100°C 
case temperature. 

The time interval labeled tt occurs after the fall time 
and appears as a "tail" on the trailing edge of the 
collector current waveform. It is measured, for this 
discussion, from the 10% point to the 2% point; and 
during this interval the collector to emitter voltage is 
equal to the clamp voltage. Typical values for these time 
intervals are also shown in Table 3. 

Since power dissipation occurs during the total time 
period t v + tf + tt and each interval can be affected by 
external conditions, some applications may require a 
specific analysis in order to accurately predict total 
device dissipation. 


RESISTIVE SWITCHING PERFORMANCE 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 -TURN-OFF TIME 
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FIGURE 11 - THERMAL RESPONSE 



t. TIME (ms) 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 


FIGURE 13 - REVERSE BIAS SAFE 
OPERATING AREA 
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FIGURE 14 - POWER DERATING 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc _ VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq> 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can *be handled to values less than the 
limitations imposed by second breakdown. Use of reverse 
biased safe operating area data (Figure 13) is discussed in 
the designer's application section. 
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SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The 2N6544 and 2N6545 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 volt line op- 
erated switch-mode applications such as: 


© Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



8 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
125 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




Collector-Emitter Voltage 


Collector-Emitter Voltag 


Collector-Emitter Voltage 


Emitter Base Voltage 


Collector Current — Continuous 
-Peak (1) 


Base Current — Continuous 
- Peak (1) 


Emitter Current — Continuous 

- Peak (1) 

Total Power Dissipation @ Tq = 25°C 
@T C = 100°C 

Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Thermal Resistance, Junction to Case 

R 0JC 

1.4 

Maximum Lead Temperature for Soldering 
Purposes: 1/8” from Case for 5 Seconds 

Tl 

275 


'Indicates JEDEC Registered Data 
( 1 ) Pulse Test : Pulse Width = 5 ms, Duty Cycle <10% 
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^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic | Symbol j Min | Max j Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 100 mA. I B = 0) 

2N6544 

2N6545 

v CEO(sus) 

300 

400 

1 1 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1, Figure 13) 


v CEX(sus) 



Vdc 

d C = 4.5 A, V clamp = Rated V CE X. T C = 100°C) 

2N6544 


350 

- 



2N6545 


450 

- 


d C = 8.0 A, V damp = Rated V CE0 -100 V, 

2N6544 


200 

- 


Tc = 100°C) 

2N6545 


300 

- 


Collector Cutoff Current 


'CEV 




(VcEV = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 



- 

0.5 

■ 

< V CEV = Rated Value, V BE ( 0 ff) = 1.5 Vdc, Tq = 100°C 



- 

2.5 

■ 

Collector Cutoff Current 


'CER 

- 

3.0 


(V C E = Rated V CEV , R B E = 50 ft. T c = 100°C) 





■Hi 

Emitter Cutoff Current 


•ebo 

- 

1.0 


(V EB = 9.0Vdc, 1 c = 0) 





■Hm 


SECOND BREAKDOWN 



Second Breakdown Collector Current with base forward biased 

'S/b 

0.2 

- 

Adc 

t = 1 .0 s (non-repetitive) ( Vqe = 1 00 Vdc) 





ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 2.5 Adc, V CE = 3.0 Vdc) 

(l c = 5.0 Adc, V CE = 3.0 Vdc) 

hFE 

12 

7.0 



Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 5.0 Adc, l B = 1.0 Adc) 


- 

1.5 


(l C = 8.0 Adc, l B = 2.0 Adc) 


- 

5.0 


(l c = 5.0 Adc. I B = 1 .0 Adc, T c = 100°C) 


- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(lc= 5.0 Adc, Ib = 1.0 Adc) 


- 

1.6 


dC = 5.0 Adc, l B = 1.0 Adc, T c = 100°C 


- 

1.6 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 300 mAdc, Vqe = 10 Vdc, f tes t = 1.0 MHz) 

h 

6.0 

28 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 1.0 MHz) 

C 0 b 

75 

300 

pF 


SWITCHING CHARACTERISTICS 


| Resistive Load (Table 1) | 

Delay Time 

(V C C = 250 Vdc, l C = 5.0 A, 

1 b 1 = 1 B2 = 1.0 A, t p = 100 ms. 

Duty Cycle < 2.0%) 

td 

- 

0.05 

MS 

Rise Time 

tr 

- 

1.0 

MS 


ts 

- 

4.0 

MS 

Fall Time 

If 

- 

1.0 

MS 

Inductive Load, Clamped (Table 1) | 

Storage Time 

(l c = 5.0 A(pk), V c | amp = Rated Vqex* 

I B1 = 1.0 A, V BE<off ) = 5.0 Vdc, T C = 100°C) 

*s 

- 

4.0 

MS 

Fall Time 

U 

- 

0.9 

MS 

Typical 1 

Storage Time 

(l c = 5.0 A(pk), V c | amp = Rated V CE x» 

I B1 - 1.0 A, V BE ( off ) = 5.0 Vdc, T c = 25°C) 

h 

1.2 

MS 

Fall Time 

tf 

0.18 

MS 


‘Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



DESIGNERS INFORMATION FOR APPLICATIONS 
AND SWITCHMODE SPECIFICATIONS 


I NTRODUCTION 

The primary considerations when selecting a power 
transistor for switch-mode applications are voltage and 
current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.^) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are im- 
portant in switch-mode applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vqc after the device is com- 
pletely off (see load line diagrams at = (leakage % 0 
in Table 2). The blocking capability at this point de- 
pends on the base to emitter conditions and the device 
junction temperature. Since the highest device capability 


(1)For detailed information on ^pacific switching applications, 
see Motorola Application No*es AN-588, AN-719, AN-737, 
AN-752, AN-767 and Engineering Bulletin EB-39. 


occurs when the base to emitter junction is reverse 
biased (VcevK this is the recommended and specified 
use condition. Maximum IcEV at rated VcEV is specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive com- 
ponent, high current and voltage can exist simultaneously 
during turn-on and the pulsed forward bias SOA curves 
(Figure 12) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VcEX(sus) at a 
given high collector current and represents a voltage- 
current condition that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. • 

As shown on the reverse bias SOA curve in Figure 13, 
two voltage levels are specified, one at the maximum 
continuous current level and one near the recommended 
operating level so that both normal and fault/transient 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 
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conditions can be taken into consideration. In the four 
application examples (Table 2) load lines are shown in 
relation to the pulsed forward and reverse biased SOA 
curves. Note that the boundary along the Iq = 0 axis 
extends to VcEV- 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output reactifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to limit the leakage spike to < VcEX(sus) 
during turn-off and < VcEV a * ter t urn *off (i.e. @ 
ICEV)- 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time or pulse width does not exceed 
10 /is (see standard pulsed forward SOA curves in 
Figure 12). 

(3) The base drive conditions are similar to those 
specified on the data sheet (See Table 1), i.e., 
VBE(off)< 5 V. 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 
handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 5 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the Vc£( sat ) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tf). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 8 and 
Table 3 and resistive loads in Figures 9 and 10. Usually 
the inductive load component will be the dominant 
factor in switch-mode applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 

SECONDARY BREAKDOWN REQUIRMENTS 

Secondary breakdown capability is important in 
switching applications because of the turn-on and turn- 
off conditions that can exist during the switching 


cycle. Typically, forward biased secondary breakdown 
(•S/b) is not a problem in switching applications because 
of the relatively higher current capability in the forward 
biased mode. The forward biased SOA curves provide 
adequate information for these conditions. 

Reverse biased secondary breakdown (E$/b) is quite 
different and a more complex situation from both design 
and specification standpoint. The E$/b rating is intended 
to define the amount of energy that the device can 
absorb while it is in a reverse biased avalanche mode 
(unclamped). The major problems in specifying Es/b are: 

(1) Individual device capability can vary by more than 
an order of magnitude within the same production 
lot. 

(2) Energy handling capability is not constant within 
the same device family when the test conditions 
are changed. 

(3) Es/b testing is often destructive when a device 
actually.goes into secondary breakdown. 

(4) Some device families exhibit very limited capability 
in the avalanche condition. 

(5) Depending on the device and test conditions, some 
devices may not reach the avalanche condition 
during the test. 

For these reasons, the most reliable design approach 
is to avoid this mode of operation by clamping or 
snubbing the main inductive load component and mini- 
mizing leakage inductance whenever possible. The Es/b 
specification does provide a boundary condition repre- 
sented in Figure 7. 

FIGURE 7 - COLLECTOR CURRENT versus UNCLAMPED 
LOAD INDUCTANCE 



Operation with an unclamped inductance is safe within 
the shaded area provided the base drive conditions are 
similar to or less severe than the specified conditions 
shown in Table 1, i.e., VBE(off) <4 V, RgE > 50 £7 and 

i „ _ l l(Vcex) 

•-effective - VcEX'VcC 
where L[_ = Circuit Leakage Reactance 

TEMPERATURE REQUIREMENTS 

The important parameters on this data sheet have 
been specified at a case temperature of 100°C to repre- 
sent a recommended worst case design condition. 
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TABLE 3-INDUCTIVE SWITCHING PERFORMANCE 


•c 

T C 

ts 

tv 

tf 

tt 

tv + tf+t t 

Amps 

°C 

MS 

MS 

MS 

MS 

MS 

3.0 

25 

0.94 

0.09 

0.14 

0.10 

0.33 


100 

1.40 

0.30 

0.44 

0.06 

0.80 

5.0 

25 

1.20 

0.17 

0.18 

0.10 

0.45 


100 

1.90 

0.50 

0.45 

0.05 

1.00 

8.0 

25 

1.60 

0.27 

0.12 

0.09 

0.48 


100 

1.80 

0.57 

0.17 

0.30 

1.04 


Note: All Data Recordedin the Inductive Switching 
Circuit Shown in Table 1 . 


To facilitate volume production testing, maximum 
inductive switching limits for these transistors are speci- 
fied using conventional measurement techniques, e.g. 
t s (max) is measured from the point where I b 1 has de- 
creased 10% to the point where l£ has decreased 10%, 
and tf ( max) is measured between the 90% and 1 0% points 
on the lc waveform. In most applications, a large per- 
centage of the total device power dissipation occurs 
during the fall time and tf is normally used as a figure 
of merit when choosing a device for a switch-mode 
application. However, there are two portions of the 
turn-off waveform that can add losses and in some cases 
these losses can become a significant portion of the 
total device dissipation. 

Figure 8 shows an enlarged portion of the inductive 
switching waveform during turn-off. The interval labeled 
t v is part of the storage time interval (t s ) and is defined 
as voltage switching time. During this interval the tran- 
sistor collector to emitter voltage changes from a satura- 
tion level to a level equal to or approaching the clamp 
voltage while the collector current has only changed by 
10%. Typical values for this time interval at various 
current levels are shown in Table 3 at 25°C and 100°C‘ 
case temperature. 

The time interval labeled tt occurs after the fall time 
and appears as a "tail" on the trailing edge of the 
collector current waveform. It is measured, for this 
discussion, from the 10% point to the 2% point; and 
during this interval the collector to emitter voltage is 
equal to the clamp voltage. Typical values for these time 
intervals are also shown in Table 3. 

Since power dissipation occurs during the total time 
period t v + tf + tt and each interval can be affected by 
external conditions, some applications may require a 
specific analysis in order to accurately predict total 
device dissipation. 


RESISTIVE SWITCHING PERFORMANCE 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 10- TURN-OFF TIME 
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FIGURE 11 - THERMAL RESPONSE 
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FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 


FIGURE 13 - REVERSE BIAS SAFE 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic — VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may t?e calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. Use of reverse 
biased safe operating area data (Figure 13) is discussed in 
the designer's application section. 
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SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The 2N6546 and 2N6547 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 volt line op- 
erated switch-mode applications such as: 


• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
175 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 



♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter Base Voltage 


Collector Current — Continuous 
— Peak (1 ) 


Base Current — Continuous 
-Peak (1) 


Emitter Current — Continuous 
- Peak (1) 


Total Power Dissipation @ Jq - 25°C 
@T C = 100°C 

Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 


VcEO(sus) 


v CEX(sus) 


V CEV 


V EB 


*c 




Characteristic 

Symbol 

Max 

■PWl 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W I 

Maximum Lead Temperature for Soldering 
Purposes: 1/8“ from Case for 5 Seconds 

Tl 

275 

■1 

•Indicates JEDEC Registered Data 




(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 
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•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

| Characteristic | Symbol | Win | Max | Unit 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1) 

(l C = 100mA, l B = 0) 

2N6546 

2N6547 

VcEO(sus) 

300 

400 

_ 


Collector-Emitter Sustaining Voltage (Table 1, Figure 13) 


VcEX(sus) 



■ 

(I C = 8.0 A, V damp = Rated V CEX , T c = 100°C) 

2N6546 


350 

- 



2N6547 


450 

- 

■ ■ 

(l c = 15 A, V clamp = Rated V C EO-100V, 

2N 6546 



- 

■ 

T c = 100°C) 

2N6547 

_ 

300 

- 


Collector Cutoff Current 






(VcEV = Rated Value, V^E (off) = 1-5 Vdc) 



- 


■ ■ 

(V C EV = R a ted Value, v BE(off) = 1-5 Vdc, T c = 100°C) 



- 


i ■ 

Collector Cutoff Current 


'CER 

- 

5.0 


(V CE = Rated V CEV , R BE = 50 H, T c = 100°C) 





II 

Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V EB = 9.0 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

0.2 

- 

Adc 

t= 1.0 s (non-repetitive) (Vce = 100 Vdc) 






ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 5.0 Adc, V^E = 2.0 Vdc) 

(l C = 10 Adc, V C E = 2.0 Vdc) 

h FE 

12 

6.0 

60 

30 


Collector-Emitter Saturation Voltage 





(I C = 10 Adc, l B = 2.0 Adc) 

H H 

- 


1 

<I C * 15 Adc, l B = 3.0 Adc) 

■ 

- 


■ ■ 

(IC = 10 Adc, l B = 2.0 Adc, T c = 100°C) 


- 


■ I 

Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

Uc= 10 Adc, l B = 2.0 Adc) 


' - 

1.6 


(IC = 10 Adc, l B = 2.0 Adc, T c = 100°C 



1.6 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(IC = 500 mAdc, V C E = 10 Vdc, f test = 1.0 MHz) 

it 

6.0 

28 

MHz 

butput Capacitance 

(V C b = 10 Vdc, l E = 0, f tes t = 10 MHz) 

C 0 b 

125 

500 

P»- 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(V C C = 250 V, l c = 10 A, 

1 B 1 = ! B2 = 2.0 A, t p = 100 ms, 

Duty Cycle < 2.0%) 


- 

0.05 

MS 

Rise Time 

tr 


1.0 

ms 

Storage Time 

ts 


4.0 

MS 

Fall Time 


tf 

- 

0.7 

MS 

Inductive Load, Clamped (Table 1) 1 

Storage Time 

(Iq = 10 A(pk), V c | amp = Rated Vc E X« • B 1 = 2 -0 A, 

h 

- 

5.0 

MS 

Fall Time 

VBE(off) =5.0 Vdc, T c = 1 00°C) 

tf 

- 

1 .5 

MS 

Typical j 

Storage Time 

(l c = 10 A(pk), V damp = Rated V CEX . lei = 2.0 A, 

ts 

2.0 

MS 

Fall Time 

VBE(off) = 5.0 Vdc, T c = 25°C) 

tf 

0.09 

MS 


* Indicates JEDEC Registered Data. 

(1 ) Puse Test: Pulse Width = 300 ms. Duty Cycle = 2%. 
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DC CHAR 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



DESIGNERS INFORMATION FOR APPLICATIONS 
AND SWITCHMODE SPECIFICATIONS 


I NTRODUCTION 

The primary considerations when selecting a power 
transistor for switch-mode applications are voltage and 
current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.(1) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are im- 
portant in switch-mode applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Wqq after the device is com- 
pletely off (see load line diagrams at lc ~ leakage % 0 
in Table 2). The blocking capability at this point de- 
pends on the base to emitter conditions and the device 
junction temperature. Since the highest device capability 


(^For detailed information on specific switching applications, 
see Motorola Application Notes AN-588, AN-719, AN-737, 
AN-752, AN-767 


occurs when the base to emitter junction is reverse 
biased (Vqev). this is the recommended and specified 
use condition. Maximum ICEV at rated Vqev is specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive com- 
ponent, high current and voltage can exist simultaneously 
during turn-on and the pulsed forward bias SOA curves 
(Figure -12) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction revferse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VcEX(sus) at a 
given high collector current and represents a voltage- 
current condition that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

As shown on the reverse bias SOA curve in Figure 13, 
two voltage levels are specified, one at the maximum 
continuous current level and one near the recommended 
operating level so that both normal and fault/transient 
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SERIES SWITCHING 
REGULATOR 


A ^ 

V CC 


RINGING CHOKE 
INVERTER 


TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


LOAD LINE DIAGRAMS 


T q = 100°C 


Pulsed 10 ms 
F orward Bias SOA 


Reverse Bias SOA 


\ f T urn-Oft I 


v CEO v CEX v E 
Collector Voltage 


TIME DIAGRAMS 


-^on L- l off 

t 

T ime 



Turn-Off | V CC + N|V 0 ) 


VCEO V CEX V CEV 


V C C + N (V 0 ) 


PUSH-PULL 

INVERTER/CONVERTER 




TV' N- 

It urn-Ofr^V». 


| v CEO 

\ ^ V CE V 

V CC V CEX 2 V CC 


l off 

• ’on 


+ Leakage Spike y 


Leakage Spike 


SOLENOID DRIVER 
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conditions can be taken into consideration. In the four 
application examples (Table 2) load lines are shown in 
relation to the pulsed forward and reverse biased SOA 
curves. Note that the boundary along the Iq = 0 axis 
extends to VcEV- 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output reactifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to limit the leakage spike to < VcEX(sus) 
during turn-off and < V^EV a ^ er turn-off (i.e. @ 
'CEV)- 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1 ) The device thermal limitations are not exceeded. 

(2) The turn-on time or pulse width does not exceed 
10 (J.s (see standard pulsed forward SOA curves in 
Figure 12). 

(3) The base drive conditions are similar to those 
specified on the data sheet (See Table 1), i.e., 
VBE<off)< 5 V. 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 
handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 10 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tf). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accornplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 8 and 
Table 3 and resistive loads in Figures 9 and 10. Usually 
the inductive load component will be the dominant 
factor in switch-mode applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 

SECONDARY BREAKDOWN REQUIRMENTS 

Secondary breakdown capability is important in 
switching applications because of the turn-on and turn- 
off conditions that can exist during the switching 


cycle. Typically, forward biased secondary breakdown 
dS/b) is not a problem in switching applications because 
of the relatively higher current capability in the forward 
biased mode. The forward biased SOA curves provide 
adequate information for these conditions. 

Reverse biased secondary breakdown (E$/b) is quite 
different and a more complex situation from both design 
and specification standpoint. The Eg/b rating is intended 
to define the amount of energy that the device can 
absorb while it is in a reverse biased avalanche mode 
(unclamped). The major problems in specifying Es/b are: 

(1) Individual device capability can vary by more than 
an order of magnitude within the same production 
lot. 

(2) Energy handling capability is not constant within 
the same device family when the test conditions 
are changed. 

(3) E$/b testing is often destructive when a device 
actually goes into secondary breakdown. 

(4) Some device families exhibit very limited capability 
in the avalanche condition. 

(5) Depending on the device and test conditions, some 
devices may not reach the avalanche condition 
during the test. 

For these reasons, the most reliable design approach 
is to avoid this mode of operation by clamping or 
snubbing the main inductive load component and mini- 
mizing leakage inductance whenever possible. The E$/b 
specification does provide a boundary condition repre- 
sented in Figure 7. 

FIGURE 7 - COLLECTOR CURRENT versus UNCLAMPED 
LOAD INDUCTANCE 



Operation with an unclamped inductance is safe within 
the shaded area provided the base drive conditions are 
similar to or less severe than the specified conditions 
shown in Table 1 , i.e., V BE <off ) ^ 4 V, RrE ^ 50 H and 

i L L (V C EX) 

Leffective- VCEX-VCC 

where L|_ = Circuit Leakage Reactance 

TEMPERATURE REQUIREMENTS 

The important parameters on this data sheet have 
been specified at a case temperature of 100°C to repre- 
sent a recommended worst case design condition. 
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FIGURE 8 - TURN-OFF WAVEFORM 



TABLE 3— INDUCTIVESWITCHING 
PERFORMANCE 


'c 

T C 

ts 

tv 

tf 

tt 

tv+tf+tt 

Amps 

°C 

MS 

MS 

MS 

MS 

MS 

3.0 

25 

1.30 

0.17 

0.05 

0.20 

0.42 


100 

2.10 

0.25 

0.08 

0.25 

0.58 

5.0 

25 

1.60 

0.08 

0.04 

0.08 

0.20 


100 

2.40 

0.16 

0.08 

0.23 

0.48 

10 

25 

2.00 

0.09 

0.09 

0.20 

0.38 


100 

2.50 

0.16 

0.20 

0.13 

0.49 


Note: All Data Recorded in the Inductive Switching 
Circuit Shown in Table 1 . 


To facilitate volume production testing, maximum 
inductive switching limits for these transistors are speci- 
fied using conventional measurement techniques, e.g. 
t s (max) is measured from the point where Ibi has de- 
creased 10% to the point where lc has decreased 10%, 
and tf ( max) is measured between the 90% and 1 0% points 
on the lc waveform. In most applications, a large per- 
centage of the total device power dissipation occurs 
during the fall time and tf is normally used as a figure 
of merit when choosing a device for a switch-mode 
application. However, there are two portions of the 
turn-off waveform that can add losses and in some cases 
these losses can become a significant portion of the 
total device dissipation. 

Figure 8 shows an enlarged portion of the inductive 
switching waveform during turn-off. The interval labeled 
t v is part of the storage time interval (t s ) and is defined 
as voltage switching time. During this interval the tran- 
sistor collector to emitter voltage changes from a satura- 
tion level to a level equal to or approaching the clamp 
voltage while the collector current has only changed by 
10%. Typical values for this time interval at various 
current levels are shown in Table 3 at 25°C and 100°C 
case temperature. 

The time interval labeled tf occurs after the fall time 
and appears as a "tail" on the trailing edge of the 
collector current waveform. It is measured, for this 
discussion, from the 10% point to the 2% point; and 
during this interval the collector to emitter voltage is 
equal to the clamp voltage. Typical values for these time 
intervals are also shown in Table 3. 

Since power dissipation occurs during the total time 
period t v + tf + tt and each interval can be affected by 
external conditions, some applications may require a 
specific analysis in order to accurately predict total 
device dissipation. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN-ON TIME 




0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 IQ 20 

1C, COLLECTOR CURRENT (AMP) 
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FIGURE 11 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - REVERSE BIAS SAFE 
OPERATING AREA 



VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 - POWER DERATING 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc _ ^CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

T j(p|<) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that c§n be handled to values less than the 
limitations imposed by second breakdown. Use of reverse 
biased safe operating area data (Figure 13) is discussed in 
the designer's application section. 









2N6548 

2N6549 


NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 

. . . designed for amplifier and driver applications where high gain is 
an essential requirement, low power lamp and relay drivers and 
power drivers for high-current applications such as voltage regulators. 

• High DC Current Gain - 

hFE = 25,000 (Min) @ l C = 200 mAdc - 2N6548 
= 15,000 (Min) @ l C = 500 mAdc - 2N6548 

• Collector-Emitter Breakdown Voltage — 

BV C ES = 40 Vdc (Min) @ l C = 100 /iAdc 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 1 5 Vdc (Max) @ lc = 1.0 Adc 

• Duowatt Package - 

2 Watts Free Air Dissipation @ Ta = 25°C 


DUOWATT 
NPN SILICON 

DARLINGTON AMPLIFIER 
TRANSISTORS 






Rating 


•Collector-Emitter Voltage 


Collector-Emitter Voltage 


•Collector-Base Voltage 


•Emitter-Base Voltage 


•Collector Current — Continuous 

'c 

•Base Current — Continuous 

•b 

•Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

Pd 



Total Power Dissipation @T q = 25°C 
Derate above 25°C 


•Operating and Storage Junction 
Temperature Range 


•Solder Temperature, 1/16” from Case for 
10 Seconds 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 



Thermal Resistance, Junction to Case 

! r 0jc 1 

12.5 j 

°C/W 

•Indicates JEDEC Registered Data. 

’ ■ 
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* ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

| Characteristic I Symbol j Min | Max J Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

( 1 q = 100/iAdc, V BE - 0) 

bvces 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I C = 100/iAdc, l E = 0) 

BVcbq 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/iAdc, l C = 0) 

bv eb o 

12 


Vdc 

Collector Cutoff Current 
(V C B = 30 Vdc, l E ±0) 

'CBO 

“ 

100 i 

nAdc 

Emitter Cutoff Current 
(V EB = 10 Vdc, l c = 0) 

'EBO 

— 

100 

nAdc 


ON CHARACTERISTICS ( 1 ) 


DC Current Gain 

(l c = 200 mAdc, V CE = 5.0 Vdc) 2N6548 

2N6549 

(IC = 500 mAdc, V CE = 5.0 Vdc) 2N6548 

2N6549 

(IC = 1.0 Adc, V CE = 5.0 Vdc) 2N6548 

2N6549 

h FE 

25.000 

15.000 

15.000 

10.000 

5.000 

3.000 

150,000 

150,000 


Collector-Emitter Saturation Voltage 
(IC = 1.0 Adc. I B = 2.0 mAdc) 

(l c = 2.0 Adc, l B = 4.0 mAdc) 

v CE(sat) 

- 

1.5 

2.0 

Vdc 

Base-Emitter Saturation Voltage 
(I C = 1.0 Adc, l B = 2.0 mAdc) 

v BE(sat) 


2.0 

Vdc 

Base-Emitter On Voltage 
(lc = 1 0 Adc, Vce = 5.0 Vdc) ' 

v BE(on) 


2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


High Frequency Current Gain 
(l c = 200 mAdc, V CE = 5.0 Vdc. f = 100 MHz) 

lhf e l 

1.0 

- 

- 

Output Capacitance 
(Vcb ~ 10 Vdc, l E = 0, f = 1 .0 MHz) 

Cob 

~ 

7.0 

pF 

Small-Signal Current Gain 

(l c = 50 mAdc, V C E = 5.0 Vdc, f = 1 .0 kHz) 2N6548 

2N6549 

hfe 

20,000 

15,000 

- 



* Indicates JEDEC Registered Data 
( 1 ) Pulse Test: Pulse Width < 300 /is. Duty Cycle < 2.0% 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc*VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 150°C. Tjjpk) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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TYPICAL CHARACTERISTICS (continued) 



3.0k I I I— L-U_L.il I I I I L.l 11 I I I I 

20 30 50 70 100 200 300 500 700 1.0 k 2.0 k 

1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - "ON" VOLTAGES 




FIGURE 6 - THERMAL RESPONSE 










C, CAPACITANCE (pF) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - CAPACITANCE 



FIGURE 8 - HIGH-FREQUENCY CURRENT GAIN 
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2N6551 

2N6552 

2N6553 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 


® High Collector-Emitter Breakdown Voltage — 

BVCEO = 100 Vdc (Min) @ \q = 1 .0 mAdc - 2N6553 

• Duowatt Package - 2 Watts Free Air Dissipation @ T/\ = 25°C 

• Complements to PNP 2N6554/5/6 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 


Rating 


•Collector-Emitter Voltage 


•Collector-Base Voltage 


"Emitter-Base Voltage 


•Collector Current - Continuous 
- Peak (1) 


•Total Power Dissipation @ T^ = 
Derate above 25°C 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


•Operating and Storage Junction 
Temperature Range 


•Solder Temperature, 1/16" from Case 
for 10 Seconds 


Symbol! 2N655l| 2N6552] 2N6553 


v CEO 


v CBO 


v EBO 


PD 


P D 


Tj,T st g 


60 


80 


80 


100 


100 


- 1 . 0 - 

- 2 . 0 - 


- 2 . 0 - 

-16- 


- 10 - 

-80- 


-55 to +150- 


-260- 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


°c 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance. Junction to Case 


Symbol 


r 0JA 


R0jc 


Max 


62.5 


12.5 


°C/W 


°c/w 


•Indicates JEDEC Registered Data. 
(1) <10 ms, < 50% Duty Cycle 



STYLE 1. 

PIN 1. EMITTER 
2 BASE 
3. COLLECTOR 
4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

HAil.H 

WVtVM 

■■'.Ilf 

ETTH 

EH 




BEI1 



■KH 


■OEIM 

31 


■El 

OKI 

EWiEl 

3 



HITOi 

m 

m 



liUlifl 

iiirHii 

31 

Hill 



IiHiM 

eh 


■M3 

m 


n 

■Vli.j 

hn.-« 

IililH 


eh 

iHii 


OLH 

0.510 

n 

1.65 

2.03 

0.065 

0.080 

EH 

9.91 

10.16 


0.400 

31 

3.56 

3.81 

0.140 

■ W-HM 

EH 

141 


on a 


n 

7.87 

9.14 

0.310 

Qua 


CASE 306-04 
TO-202AC 
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2N6551, 2N6552, 2N6553 


•ELECTRICAL CHARACTERISTICS (T A “ 25°C unless otherwise noted.) 

[ Characteristic | Symbol | Min j Max | Unit* 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

(l C = 1.0 mAdc, l B = 0) 2N6551 

2N6552 

2N6553 

bv C eo 

Collpctor-Base Breakdown Voltage 

(1C 3 lOOjuAdc, l E = 0) 2N6551 

2N6552 

2N6553 

bv C30 

Emitter-Base Breakdown Voltage 
(l E * 100 MAdc, l C = 0) 

bv EB o 

Collector Cutoff Current 

(V C B =40 Vdc, l E = 0) 2N6551 

(V C B = 60 Vdc. 1 E = 0) 2N6552 

(V CB = 80 Vdc, 1 E = 0) 2N6553 


Emitter Cutoff Current 
(V EB = 4.0 Vdc, l C = 0) 

'ebo 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l C * 10 mAdc, V CE = 1.0 Vdc) 
(lc = 50 mAdc, V CE = 1 .0 Vdc) 
(l c - 250 mAdc, V CE = 1.0 Vdc) 
|I C = 500 mAdc, V CE = 1 .0 Vdc) 


Collector-Emitter Saturation Voltage 
(1C = 250 mAdc, l B = 10 mAdc) 
(l c = 1.0 Adc, l B = 100 mAdc) 


Base-Emitter On Voltage 

(l C = 250 mAdc, V CE = 5.0 Vdc) 


h FE 


v CE(sat) 


v BE(on) 


60 

80 

60 

25 


0.5 

1.0 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1C = 100 mAdc, Vqe “ 5 0 Vdc. f = 20 MHz) 

*T 

75 

375 

Collector-Base Capacitance 

(V C b = 20 Vdc. I E = 0, f = 1.0 MHz) 

C cb 


18 














































2N6551, 2N6552 f 2N6553 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 - THERMAL RESPONSE 



FIGURE 10 - ACTIVE-REGION SAFE-OPERATING AREA 
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1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 11. 

Tj(pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 11 - POWER DERATING 
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PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


DUOWATT 


. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 

• High Collector-Emitter Breakdown Voltage - 

BVcEO = 100 Vdc (Min) @ \q = 1.0 mAdc - 2N6556 

• Duowatt Package — 2 Watts Free Air Dissipation @ T/\ = 25°C 

• Complements to NPN 2N6551/2/3 



MAXIMUM RATINGS 


Rating 

Symbol 

2N6554 



Unit 

•Collector-Emitter Voltage 

v CEO 

60 

80 

1 100 1 

Vdc 

•Collector-Base Voltage 

v CBO 

60 

80 


Vdc 

•Emitter-Base Voltage 

vebo 

-n n 

Vdc 

L* M 

•Collector Current — Continuous 

Peak 

>c 


Adc 



•Base Current 

l B 


mAdc 


•Total Power Dissipation @ = 25°C 

Derate above 25°C 

PD 


Watts 

mW/°C 



Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

■3 


Watts 

mW/°C 

80 — 

•Operating and Storage Junction 
Temperature Range 

rag 


-55 to +1! 


°C 



•Solder Temperature, 1/16" from Case 
for 10 Seconds 

“ 


°c 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance. Junction to Ambient 

r 0JA 

62.5 

°C/W 

Thermal Resistance, Junction to Case 

R0JC 

12.5 

°c/w 


•Indicates JEDEC Registered Data. 











































2N6554, 2N6555, 2N6556 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 1 .0 mAdc, 1 b = 0) 

2N6554 

2N6555 

2N6556 

Collector-Base Breakdown Voltage 


(l C = lOOpAdc, l E = 0) 

2N6554 


2N6555 


2N6556 

Emitter-Base Breakdown Voltage 


(l E = 100 MAdc, lc = 0) 


Collector Cutoff Current 


(V C B =40 Vdc, l E = 0) 

2N6554 

(V C B =60 Vdc. I E = 0) 

2N6555 

(V C b = 80 Vdc, l E = 0) 

2N6556 


Emitter Cutoff Current 
(V EB =4.0 Vdc, l C = 0) 

ON CHARACTERISTICS (1) 


DYNAMIC CHARACTERISTICS 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 jus. Duty Cycle < 2.0%. 



DC Current Gain 

(lc = 10 mAdc, Vce = 10 Vdc) 

(l C = 50 mAdc, V CE = 1 .0 Vdc) 

(l c = 250 mAdc, V CE = 1 .0 Vdc) 

(|q = 500 mAdc, Vce = 1 0 Vdc) 

h F E 

60 

80 

60 

25 

300 


Collector-Emitter Saturation Voltage 

Oc = 250 mAdc, Ib = 10 mAdc) 

(l c = 1 ; 0 Adc, l B = 100 mAdc) 

v CE(sat) 

- 

0.5 

1.0 

Vdc 

Base-Emitter On Voltage 

(l C = 250 mAdc, V C E = 5.0 Vdc) 

v BE(on) 


1.2 

Vdc 


Current-Gain — Bandwidth Product 

(l C = 100 mAdc, V C E = 5.0 Vdc, f = 20 MHz) 


Collector-Base Capacitance 

(V C b = 20 Vdc, l E = 0, f = 1 .0 MHz) 

C c b 



TYPICAL CHARACTERISTICS 


FIGURE 1 - ACTIVE-REGION SAFE -OPE RATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc- v CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tq isvariable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to l6% provided Tj( p |<) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


5.0 7.0 10 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 































r(t), TRANSIENT T» 
RESISTANCE (NORM 


2N6554, 2N6555, 2N6556 



BigaSiiiHP B^iillllWIIIIllWBIIIII IWMMlifflBSHllIl 


'rfUT 

-tu 


— ZeJC(t) = f(«> Rojc 
R pJC = 12.5°C/W Max 


Z0JA(t) = ROJA : 

RflJA = 62.5°C/W Max 

D CURVES APPLY FOR POWER * 
PULSE TRAIN SHOWN 
READ TIME AT ti 

Tj(pk) -Tc = P(pk)RflJC(t)‘ 


10 20 
t. TIME (ms) 


Duty Cyele, D = n/t2 Tj(pk) -Tc = P(pk> RflJC(t) || 
500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 


4-340 




C, CAPACITANCE (pF) 


2N6554, 2N6555, 2N6556 


TYPICAL CHARACTERISTICS (continued) 

FIGURE 7 - CAPACITANCE FIGURE 8 - CURRENT-GAIN - BANDWIDTH PRODUCT 



Vr, REVERSE VOLTAGE (VOLTS) 'C- COLLECTOR CURRENT <mA) 
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2N6557 

2N6558 

2N6559 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . . designed for high-voltage TV video and chroma output circuits, 
high-voltage linear amplifiers, and high-voltage transistor regulators. 


High Collector-Emitter Breakdown Voltage — 

BVcEO = 350 Vdc (Min) @ l c = 1.0 mAdc - 2N6559 
Low Collector-Emitter Saturation Voltage - 
VcE(sat) = 0.6 Vdc (Max) @ lc = 30 mAdc 
Low Collector-Base Capacitance — 

C c b = 3.0 pF (Max) @ V C B = 20 Vdc 

Duowatt Package — 

2 Watts Free Air Dissipation @ Ta = 25°C 


MAXIMUM RATINGS 

Rating 

Symbol 

2N6557 

2N6558 

2N6559 

Unit 

’Collector-Emitter Voltage 

v CEO 

250 

300 

350 

Vdc 

’Collector-Base Voltage 

v CBO 

250 

300 

350 

Vdc 

’Emitter-Base Voltage 

Vebo 


Vdc 

^ o .u 

’Collector Current — Continuous 

Peak 

'c 


A d.c 



’Base Current 

•b 


mAdc 


’Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 


Watts 

mW/°C 



Total Power Dissipation @T^= 25°C 
Derate above 25°C 

Pd 


Watts 

mW/°C 



’Operating and Storage Junction 
Temperature Range 

T J< T Stg 


-55 to +1E 

0 ■ 

°C 



’Solder Temperature, 1/16” from Case 
for 10 Seconds 



°c 



THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


r 0JA 


R 0JC 


62.5 


°C/W 


°C/W 


'Indicates JEDEC Registered Data. 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 




STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES J 

MIN 

MAX 

MIN 

MAX 

_A_i 

21.84 

22.35 

0.860 

0.880 


991 

1041 

0 390 

0410 

C 

4.19 

4.44 

0.165 

0.175 

D 

0.61 

0.71 

0.024 

0.028 

~r 

3.68 

3.94 

0.145 

0.155 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.70 

- 

0.500 

- 

L 

1.78 

2 03 

0 070 

0.080 

N 

9.91 

10.16 

0.390 

0.400 ' 

Q 

3.56 

3.81 

0.140 

0.150 

R 

241 

2.67 

0.095 

0.105 

T 

13.21 

13.97 

0.520 

0.550 


CASE 306-04 , 
TO-202AC 


4-342 




2N6557, 2N6558, 2N6559 


^ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

[^_ Characteristic | Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i c * 1 .0 mAdc, l 8 = 0) 

2N6557 

2N6558 

2N6559 

bv CEO 

250 

300 

350 

- 

Vac 

Collector-Base Breakdown Voltage 


BVcbO 



Vdc 

(IC - 100 MAdc, l E = 0/ 

2N6557 


250 

- 



2N6558 


300 

- 



2N6559 


350 

- 


Emitter-Base Breakdown Voltage 


bv EBO 

6.0 

- 

Vdc 

(l E = 100 MAdc, Ic - 0) 






Collector Cutoff Current 


>CBO 



MAdc 

(V C 8 = 150 Vdc, l E = 0) 

2N6557 


- 

0.2 


(Vqb = 200 Vdc, l E =0) 

2N6558 


- 

0.2 


( V C8 * 250 Vdc. I E =0) 

2N6559 


- 

0.2 


Emitter Cutoff Current 


>EBO 

- 

0.1 

MAdc 

(V BE -- 5.0 Vdc, I C = 0) 


1 





ON CHARACTERISTICS!"! ) 


DC Current Gain 

(l C = 1-0 mAdc, Vq E = 10 Vdc) 

(IC 88 30 mAdc, V CE - 10 Vdc) 

h FE 

25 

40 

180 

" 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq - 30 mAdc, !g = 3.0 mAdc) 


- 

0.6 


Uc ~ 50 mAdc, Ig = 5.0 mAdc) 


- 

1.5 


Base-Emitter On Voltage 

v BE(on) 

-- 

0.85 

Vdc 

(l c = 30 mAdc, V CE = 10 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c - 10 mAdc, V CE = 20 Vdc, f = 20 MHz) 

*T 

45' 

200 

MHz 

Collector-Base Capacitance 

( V CB = 20 Vdc, i E - 0. f - 1.0 MHz) 

C cb 

~ 

3.0 

pF 


# Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 
FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE li m ' ts °f t,ie transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<} ~ 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p k ) ^ 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 
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2N6557, 2N6558, 2N6559 


TYPICAL CHARACTERISTICS (continued) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 


Vr, REVERSE V0LTAGE1V0LTS) 


FIGURE 8 - CURRENT GAIN - 
BANDWIDTH PRODUCT 



0 5 0 7 1.0 2 0 3 0 5 0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (mA) 


APPLICATIONS INFORMATION 


The 2N6558 is primarily designed for use in the R , G, and B output 
stages of color television receivers and with a high BVqeq, it can 
supply the video amplitude requirements of any known system. 
The low feedback capacitance provides good video bandwidth with 
modest drive current requirements. Typical drive is from an 
emitter-follower with a 4.7 k emitter-resistor operated from a 
20-Volt supply. It will, therefore, be operable directly from a 
number of available chroma demodulators. The low output capac- 
itance of this device adds little to the total load capacitance, allow- 
ing improved bandwidth for a given collector load resistor. Two 
typical applicationsfor the 2N6558 are shown in Figures 9 and 1 0. 

Device dissipation will reach approximately 1.6 Watts under 
worst-case signal conditions and some heat sinking is required at 


FIGURE 9 - 2N6558 AS RGB OUTPUT WITH RGB INPUT 



ambient temperature above 50°C. 

Used as a color difference output, where drive and bandwidth 
requirements are less severe, the 2N6558 can be operated with 
27 k ohm load resistors (worst-case dissipation would then be only 
0.6 Watts). The device can, therefore, be operated as a color- 
difference output without any heat radiator in ambient temperatures 
to 150 -(0.6) (62.5) = 1 1 2.5°C. 

In addition the safe operating area of the 2N6558 will fill the 
requirements of the luminance output function with a total 
equivalent load of 5.0 kilohms. Worst;case dissipation can reach 3 
Watts, this requires a total RflJA °f (150-651/3 = 28.4°C/W. To 
achieve this a 2" x 3" aluminum plate will be required. 


FIGURE 10 - 2N6558 AS RGB OUTPUT, MATR IX ING COLOR 
DIFFERENCE AND LUMINANCE INPUTS 
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NPN SILICON POWER TRANSISTOR 

The 2N6569 is a general-purpose, EPIBASE power transistor 
designed for low voltage amplifier and power switching applications. 


• Low Cost 

© Safe Operating Area — Full Power Rating to 40 V 
© EPIBASE Performance in Gain and Speed 
© Metal Can Reliability — TO-3 Package 

• All-Purpose Replacement for Industry Standard 2N3055 


12 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

40 VOLTS 
100 WATTS 



•MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

40 

Vdc 

Collector-Base Voltage 

v CBO 

45 

Vdc 

Emitter-Base Voltage 

V EBG 

5.0 

Vdc 

Collector Current — Continuous 
- Peak 

*C- 

12 

24 

Adc 

Base Current — Continuous 
- Peak 

>b 

5.0 

10 

Adc 

Emitter Current — Continuous 
- Peak 

«E 

17 

34 

Adc 

Total Power Dissipation @ Jq = 25°Q 

Derate above 25°C 

P D 

100 

0.572 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/16” from Case fo 10s. 

Tl 

265 

U C 



STYLE 1; 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

r. 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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2N6569 


*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(IQ = 200 mAdc, l B = 0) 

v CEO(sus) 

40 

- 

Vdc 

Collector Cutoff Current 

'CEV 



mAdc 

( VcEV = 45 Vdc > v BE(off ) = 1 .5 Vdc) 


- 

1.0 


(V C EV = 4 5Vdc, V BE(off) = 1.5 Vdc, T C = 100°C) 


- 

10 


Emitter Cutoff Current 

<EBO 

- 

5.0 

mAdc 

(V eb = 5.0 Vdc, l C ~ 0) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 

2.5 

_ 

Adc 

(Vce = 4 0 Vdc, t = 1 .0s (non-repetitive)) 





ON CHARACTERISTICS 


DC Current Gain 

(l C = 4.0 Adc, V CE = 3.0 Vdc) 

(l c = 12 Adc, V CE = 4.0 Vdc) 

hpE 

15 

5.0 

200 

100 

- 

Collector-Emitter Saturation Voltage 
(l C = 4.0 Adc, l B = 0.4 Adc) 

(l c = 12 Adc, l B = 2.4 Adc) 

v CE(sat) 

- 

1.5 

4.0 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 4.0 Adc, l B = 0.4 Adc) 

v BE(sat) 

— 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 1 .0 Adc, V CE = 4.0 Vdc, f test - 0.5 MHz) 

*T 

1.5 

15 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 1.0 MHz) 

Cob 

75 

750 

pF 


SWITCHING CHARACTERISTICS 
RESISTIVE LOAD 


Delay Time 

( V cc = 30 Vdc, l c = 2.0 Adc, I B1 = 0.2 Adc, 

td 

- 

0.4 

MS 

Rise Time 

t p = 25 jus, Duty Cycle < 1 .0%) 

tr 

- 

1.5 

MS 

Storage Time 

( Vqc = 30 Vdc, Iq = 2.0 Adc, l B -| =I B 2 = 0.2 Adc, 

l s 

- 

5.0 

MS 

Fall Time 

tp = 25 jus. Duty Cycle < 1 .0%) 

tf 

- 

1.5 

MS 


•Indicates JEDEC Registered Data. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 


V C c 

+30 V 



Scope 


R B and Rq Varied to Obtain Desired Current Levels 
D1 must be fast recovery type. 
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Ic, COLLECTOR CURRENT (AMP) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6569 


FIGURE 2 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 3 - SAFE OPERATING AREA 
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4.0 5.0 7.0 10 20 30 50 70 80 

V C E, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Safe operating area curves indicate Ic-VcE limits of the 
transistor being observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than 
the curves indicate. This transistor is thermally limited over 
its entire operation area. Figure 4 may be used to derate 
the curves shown or an effective R#JC(t) ma y be computed 
from Figure 2 for pulsed operation. 


FIGURE 4 - POWER DERATING 
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Tc, TEMPERATURE (°C) 
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V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


2N6569 








2N6576 

2N6577 

2N6578 


NPN SILICON POWER DARLINGTON TRANSISTORS 

General-purpose EpiBase power darlington transistors, suitable 
for linear and switching applications. 

© Replacement for 2N3055 and Driver 
© High Gain Darlington Performance 

• Built-In Diode Protection for Reverse Polarity Protection 

• Can Be Driven from Low-Level Logic 
© Popular Voltage Range 

• Operating Range — 65 to +200°C 


15 AMPERE 
POWER TRANSISTORS 

NPN SILICON 
DARLINGTON 

60, 90, 120 VOLTS 
120 WATTS 


'MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
- Peak 


Base Current — Continuous 
- Peak 


Emitter Current - Continuous 
- Peak 


Total Power Dissipation @ Tq 
D erate above 25°C 


= 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol | 2N6576 | 2N6577 1 2N6578 | Unit 


v CEO(sus) 


V CB 




Pd 


T J- T stg 


- 15- 
-30- 


- 0.25- 
• 0.50 - 


-15.25- 

-30.5- 


— 120 - 
-0.685- 


Watts 

W/°C 


°C 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/16” from Case for 10s. 


Symbol 


R 0JC 


°c/w 


°c 


‘Indicates JEDEC Registered Data 



DARLINGTON SCHEMATIC 

Collector 

: j— b 

Base 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

22.23 

- 

0.875 

C 

6.35 

11.43 

0.250 

0.450 

D 

0.97 

1.09 

0.038 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 ' 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


CASE 1 1 03 
TO-3 
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2N6576, 2N6577, 2N6578 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

| Characteristic | Symbol j Min | Max \ Unit 

OFF CHARACTERISTICS ~ ~ ~ ~ 


Collector-Emitter Sustaining Voltage! 1) 

(l c * 200 mAdc, l B * 0) 2NS576 

2N6577 

2N6578 

VcEO(sus) 

60 

90 

120 

- 

Vdc 

Collector Cutoff Current 
(V CE = Rated Value) 

'CEO 

~ 

1.0 

mAdc 

Collector Cutoff Current 

(V CE R - Rated VcEO(sus) Value. R BE = 10 kn < T C = 150°C) 

>CER 


5.0 

mAdc 

Collector Cutoff Current 

V C EX = Rat ed V CE0 ( S us) Value, V BE ( off ) -- 1.5 Vdc) 

*CEV 

- 

5.0 

mAdc 

Collector Cutoff Current 
(Vcb “ Rated Value) 

'CBO 

_ 

0.5 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

(i c = 15 Adc, V CE = 4.0 Vdc) 

(l c - 10 Adc, V CE = 3.0 Vdc) 

(l c = 4.0 Adc, V CE - 3.0 Vdc) 

(l c = 0.4 Adc, V C E = 3.0 Vdc) 

hpE 

100 

500 

2000 

200 

5.000 

20.000 


Coliector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

<l c = 15 Adc, l B = 0.15 Adc) 


- 

4.0 


(i c = 10 Adc, l B = 0.1 Adc) 


- 

2.8 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l c - 15 Adc, l B = 0.15 Adc) 


- 

4.5 


(l c = 10 Adc, l B = 0.1 Adc) 


- 

3.5 


Collector-Emitter Diode Voltage Drop 

v F 

- 

4.5 

Vdc 

(l EC = 15 Adc) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common-Emitter Small-Signal Short-Circuit Current Transfer Ratio 

Ihfel 

10 

200 

- 

(l c = 3.0 Adc. V CE = 3.0 Vdc, f - 1 .0 MHz) 






SWITCHING CHARACTERISTICS 
RESISTIVE LOAD (Figure 2) 


Delay Time 

(V CC = 30 Vdc, Ic * 10 Adc, I B1 - 0.1 Adc. 
t p = 300 ms, Duty Cycle < 2.0%) 

»d 

- 

0.15 

MS 

Rise Time 

t r 

- 

1.0 

MS . 

Storage Time 

(Vce = 30 Vdc, Ic = 10 Adc, 1 q = l B 2 “ 0.1 Adc, 
t p - 300 ms, Duty Cycle < 2.0%) 

{ s 

- 

2.0 

MS 

Fall Time 

if 

- 

7.0 

MS 


Indicates JEDEC Registered Data 

(1) Pulse test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - RATED FORWARD BIASED 
SAFE-OPERATING AREA 



2.0 5.0 10 20 40 60 100 150 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc _v CE limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tc - 25°C; Tj( p |<) is variable 
depending on power level. Second breakdown pulse limits are 
valid for duty cycles to 10%. 

Tj(pk) may be calculated from the data in Figure 6. At high 
case temperatures thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 
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V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE- DC CURRENT GAIN 




^ 0.01 

1 IT 11 1 Hit 
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lc, COLLECTOR CURRENT (pA) 


2IM6576, 2IM6577, 2N6578 


FIGURE 7 - SWITCHING TIMES TEST CIRCU IT 


v cc 

+30 V 



Rg and Rq Varied to Obtain Desired Current Levels 
D1 Must be Fast Recovery Type, eg: 



VbE. BASE EMITTER VOLTAGE (VOLTS) 



1.5 2 3 5 10 15 


l c , COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CAPACITANCE 



15 20 30 50 ■ 70 100 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 11 - COLLECTOR-EMITTER VOLTAGE 
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fj. CURRENT-GAIN BANDWIDTH PRODUCT (MHz) 


2N6591, 2IM6592, 2N6593 


•ELECTRICAL CHARACTERISTICS |T A 

Characteristic 


25°C unless otherwise noted.) 

1 Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 1.0 mAdc, l B = 0) 


Collector-Base Breakdown Voltage 
(lC = 100 AiAdc, l E = 0) 


Emitter-Base Breakdown Voltage 
(l E = .100 M Adc, l C = 0) 
Collector Cutoff Current 
(V C b = 100 Vdc, l E = 0) 

' (V CB = 150 Vdc, l E = 0) 
(V CB = 200 Vdc, l E = 0) 
Emitter Cutoff Current 
(V EB - 5.0 Vdc, l c = 0) 


bv CEO 


Vdc 


2N6591 

2N6592 

2N6593 


BVc B o 


150 

200 

250 


Vdc 


2N6591 

2N6592 

2N6593 


bvebo 


150 

200 

250 

5.0 


Vdc 


'CBO 


MAdc 


2N6591 

2N6592 

2N6593 


'EBO 


0.2 
0 2 
0 2 
"oT 


MAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 

(l c = 10 mAdc, V CE = 10 Vdc) 2N6591 

2N6592 

2N6593 

(l c = 100 mAdc, V CE = 10 Vdc) 2N6591 

2N6592 

2N6593 

h FE 

40 

30 

30 

40 

40 

30 

250 

250 

250 

200 

200 

200 


Collector-Emitter Saturation Voltage 
(1C - 200 mAdc, l B = 20 mAdc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter On Voltage 

<I C - 100 mAdc, V CE = 10 Vdc) 

v BE(on) 

~ 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(l c - 50 mAdc. V CE = 20 Vdc, f = 20 MHz) 

*T 

35 

300 

MHz 

Collector-Base Capacitance 

(V C b = 10 Vdc. I E = 0, f = 1 .0 MHz) 

c cb 


12 

pF 


* Indicates JEDEC Registered Data. 

( 1 ) Pulse Test : Pulse Width < 300 ms, Duty Cycle <2.0%. 


TYPICAL CHARACTERISTICS 



10 . 20 30 50 70 100 

IQ, COLLECTOR CURRENT (mA) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 

Vr, REVERSE VOLTAGE (VOLTS) 
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Vbe. BASE-EMITTER VOLTAGE (VOLTS) 











r(t), TRANSIENT THERMAL 

1C. COLLECTOR CURRENT (mA) T, RESISTANCE (NORMALIZED) 


2N6591, 2N6592, 2N6593 


TYPICAL CHARACTERISTICS (Continued) 


FIGURE D - THERMAL RESPONSE 



IGURE 10 - ACTIVE REGION SAFE-OPERATING AREA 
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3 0 5.0 7 0 10 20 30 50 70 100 200 300 

VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tc = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1. 

Tj(pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
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2N6594 


•ELECTRICAL CHARACT E RISTICS (T C = 25°C unless otherwise noted.) 

Characteristic j Symbol | Min | Mart j UniT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(I C = 200 mAdc, l B = 0) 

VCEO(sus) 

40 

- 

Vdc 

Collector Cutoff Current 

•CEV 



mAdc 

( VqEV “ 45 Vdc, v BE(off) ~ 1 & Vdc) 


- 

1 


(V C EV = 45 Vdc. V BE(o ff) = 1 .5 Vdc, T C = 100°C) 


- 

10 


Emitter Cutoff Current 

'EBO 

- 

5 

mAdc 

{V EB = 5Vdc, l C «0) 





SECOND BREAKDOWN j 

Second Breakdown Collector Current with Base Forward Biased 

•s/b 

2 5 

- 

Adc 

(Vce ~ 40 Vdc, t = 1 s (non-repetitive)) 





ON CHARACTERISTICS | 

DC Current Gam 

h FE 



- 

A Adc, V C E = 3 Vdc) 


15 

200 


(l C = 12 Adc, V CE = 4 Vdc) 


5 

100 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(1C = 4 Adc, l B = 0,4 Adc) 


~ 

1.5 


(!C ~ 12 Adc, lg ® 2.4 Adc) 



4 


Base-Emitter Saturation Voltage 

v BE(sat) 

— 

2 

Vdc 

{1C “ 4 Adc, l B = 0.4 Adc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 1 Adc, V CE - 4 Vdc, f test --- 0.5 MHz) 

«T 

2.5 

25 

MHz 

Output Capacitance 

(Vce “ 10 Vdc. I E = 0, f te3t = 1 MHz) 

Cob 

100 

1000 

pF 


SWITCHING CHARACTERISTICS 
RESISTIVE LOAD 


Delay Time 

(V CC = 30 Vdc, l C = 2 Adc, I B1 = 0.2 Adc, 
tp - 25 ms, Duty Cycle < 1%) 

'd 

- 

0.4 

MS 

Rise Time 

t r 

... 

1.5 

MS 

Storage Time 

(VqC = 30 Vdc, !q = 2 Adc, l B j = l B2 = 0.2 Adc, 

f s 


5 

MS 

Fall Time 

tp * 25 Duty Cycle < 1%) 

tf 

- 

1.5 

MS 


•Indicates JEDEC Registered Data. 

(1 ) Pulse Ten, PW - 300 jus, Duty Cycle < 2%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 


V CC 
-30 V 



Rg and Rq Varied to Obtain Desired Current Levels 
D1 must be fast recovery type. 
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Ic. COLLECTOR CURRENT (AMP) r{t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6594 


FIGURE 2 - THERMAL RESPONSE 



FIGURE 3 - SAFE OPERATING AREA 
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Safe operating area curves indicate Ic'VcE limits of the 
transistor being observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than 
the curves indicate. Figure 4 may be used to derate the 
curves shown or an effective R0jc(t) ma Y t> e computed 
from Figure 2 for pulsed operation. - 
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2N6594 


FIGURE 5 - DC CURRENT GAIN 



FIGURE 7 - "ON" VOLTAGES 
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BU204 

BQI205 


Designers Data Sheet 


HORIZONTAL DEFLECTION TRANSISTOR 


2.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 


. . . specifically designed for use in large screen color deflection 
circuits. 


1300 AND 1500 VOLTS 
36 WATTS 


• Col lector- Emitter Voltage — Vq^x = 1300 Vdc — BU204 

1500 Vdc — BU205 


• Glassivated Base-Collector Junction 

• Switching Times with Inductive Loads — 

t f = 0.65 /Lts (Typ)@l c = 2A 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



MAXIMUM RATINGS 


Rating 

Symbol 

BU204 

BU205 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

600 

700 

Vdc 

Collector-Emitter Voltage 

VCEX 

1300 

1500 

Vdc 

Emitter Base Voltage 

VEB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

2.5 

Adc 

-Peak (1) 

'CM 




Base Current - Peak (1 ) 

<BM 

2.5 

Adc 

Total Power Dissipation @ Tq = 25°C 

PD 

36 

Watts 

@ T C - 90°C 


10 


Derate above 25°C 


0.4 

W/°C 

Operating and Storage Junction 

T J> T stg 

-65 to +115 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.5 

°C/W 


(1) Pulse Test: Pulse Width * 5 ms. Duty Cycle < 10%. 



A •- 

C 


i e ~1 



L 

— f 1- 



r 

c 


0 

( 

1 

SEATING 1 


L 


PLANE 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

. 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

6 

10.67 

11.18 

0.420 

0.440 

H 


5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

28.67 

- 

1.050 


CASE 11-01 
TO-3 
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BU204, BU205 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit | 

OFF CHARACTERISTICS (1) — ~ ~ ~ _ 


Collector-Emitter Sustaining Voltage 
(l C = lOO mAdc, l B = 0) 

BU204 

BU205 

v CEO(sus) 


- 

- 


Collector Cutoff Current 


>CES 





(V CE = 1300 Vdc,V BE =0) 

BU204 


- 




(V CE = 1500 Vdc, V BE =0) 

BU205 


- 



■ 

Emitter Base Voltage 



5.0 

- 

_ 


(1 E = 10 m A , lc = 0) 








ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(lC = 2.0 Adc, l B = 1 .0 Adc) 

VcE(sat) 

- 

~ 

5.0 

Vdc 

Base Emitter Satifration Voltage 
(l C = 2.0 Adc, l B = 1 .0 Adc) 

v BE(sat) 

- 

- 

1.5 

Vdc 

Second Breakdown Collector Current with Base 

Forward Biased 

! s/b 

See Figure 14 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1 ) 

(l C =0-1 Adc, V CE = 5.0 Vdc, f tes t = 1.0 MHz) 

*T 

- 

4.0 

- 

MHz 

Output Capacitance 

(Vcb = 1 0 Vdc, 1 e = 0. f = 1 .0 MHz) 

c ob 

— 

50 

- 

PF 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 

- 

0.65 

- 

MS 

(lC = 2 j0 Adc, Ibi = 1 X) Adc, L B = 25 pH) {See F igure 1 ) 







(1) Pulse Test: Pulse Width < 300 *xs. Duty Cycle = 2%. 


FIGURE 1 - TEST CIRCUIT 


Capacitor values in pF 
resistors aro 14 watt 



Width < 

i.'a 

MC1391 

1 


LCU 

Adj < 

>1.0 k 

Horiz. Osc. 



220 


■c 

L 

C 

0.75 A 

4.25 mH 

.003 mF 

1.5 

2.18 mH 

.006 mF 

2.0 

1.6 mH 

.008 mF 


Common + 125 V 


DRIVER TRANSFORMER (T1) 

Motorola part numbor 25D68782A-05-1/4" laminate "E" iron 
core. Primary Inductance— 39 mH. Secondary Inductance- 22 mH, 
Leakage Inductance with primary shorted — 2.0 pH, Primary 260 
turns #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 
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BU204, BU205 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from the 
fact that good saturation of the output device, prior to 
turn-off, must be assured. This is accomplished by pro- 
viding more than enough I b 1 to satisfy the lowest gain 
output device hp E at the end of scan IqM- Worst case 
component variations and maximum high voltage loading 
must also betaken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lg is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (Iqm* I B 1 * and h FE at ICM)- 
One method is to plot fall time as a function of Lb, at the 
desired conditions, for several devices within the hpg 
specification. A more informative method is to plot power 
dissipation versus I b 1 for a range of values of Lb as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low lg-|) is caused by saturation losses. The positive 
slope portion at higher Ibi, and low values of Lb is due to 
switching losses as described above. Note that for very low 
Lb a very narrow optimum is obtained. This occurs when 
1 B 1 h FE = I CM, and therefore would be acceptable only 
for the "typical" device with constant IqM- As Lb is in- 
creased, the curves become broader and flatter above the 
I B 1 hFE = I CM point as the turn-off "tails" are brought 
under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpg, essen- 
tially moves the curves to the left or right according to the 
relation I b 1 hFE = constant. It then becomes obvious 
that, for a specified Iqm^ an Lb can be chosen which will 
give low dissipation over a range of hpE and/or Ibi- The 
only remaining decision is to pick Ibi high enough to 
accommodate the lowest hpE part specified. Figure 8 
gives values recommended for Lb and Ibi for this device 
over a wide range of IqM- These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lb nor Ibi are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 


(time) 


>C 


(time) 




V-v' .Vr • * .Tv r. 

: : e;; 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices In the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but It Is the 
dissipation In the transistor that is of fundamental Importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing Is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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INPUT POWER (WATTS) P in> INPUT POWER (WATTS) 


BU204, BU205 


FIGURE 4 - OPTIMIZING DRIVE @ l C = 0.75 A 


FIGURE 5- OPTIMIZING DRIVE @ l C 1.5 A 
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FIGURE 6 - OPTIMIZING DRIVE @ l c = 2.0 A 
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FIGURE 7 - SWITCHING BEHAVIOR versus 
TEMPERATURE 


! CM = 1.75 A, l B = 0.85 A, Lg = 13 pH 
ts 
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FIGURE 8 - OPTIMUM DRIVE CONDITIONS 


FIGURE 9 - SWITCHING BEHAVIOR versus IcM 
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BU204, BU205 


FIGURE 14 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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BU207 

BU208 


Designers Data Sheet 


HORIZONTAL DEFLECTION TRANSISTOR 


. . . specifically designed for use in large screen color deception 
circuits. 


• Collector-Emitter Voltage — 

VcEX= 1300 Vdc — BU207 
1500 Vdc — BU208 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 600 Vdc - BU207 
700 Vdc - BU208 

• Switching Times with Inductive Loads, tf = 0.4 fjts (Typ) @ 

I C = 4.5A 

• Optimum Drive Condition Curves 

• Glass Base-Collector Junction 


5 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

1300 AND 1500 VOLTS 


Designer's Data for 
"Worst Case" Conditions 
The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


•MAXIMUM RATINGS 

Rating 

Symbol 

BU207 

BU208 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

600 

700 

Vdc 

Collector-Emitter Voltage 

VCEX 

1300 

1500 

Vdc 

Emitter Base Voltage 

V EB 

5 

Vdc 

Collector Current — Continuous 

•c 




Peak (1) 

'CM 




Base Current — Peak (1) 

>BM 

4 

Adc 

Total Power Dissipation @ Tc = $5°C 

PD 


12.5 

Watts 

Derate above 95°C 



0.625 

W/°C 

Operating and Storage Junction 

T J. T stg 




Temperature Range 






THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

E291 

Thermal Resistance, Junction to Case 

R0JC 

1.6 


Maximum Lead Temperature for Soldering 

Tl 


275 

mm 

Purposes: 1/8" from Case for 5 Seconds 





■ ■ 

(1 ) Pulse Test: Pulse Width ® 5 ms. Duty Cycle < 10%. 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


HI 
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i.’.n.’B 

H/.kVB 

B.'.HJB 


H 

w 


— 

H 

KB 

BB 

beb 

mbm 

BEjElj 

f 

I*!.-* 
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MM 
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in 
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BHBI 

■ ■tLlill 


Collector connected to can. 
CASE 11-01 
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BU207, BU208 


ELECTRICAL CHARACTERISTICS 0"c = 25° unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit j 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 

(l c = lOOmAdc, l B = 0) BU208 

BU207 

VcEO(sus) 

600 

700 

- 

- 

Vdc 

Collector Cutoff Current 

(V C E = 1500 Vdc, V BE = 0) BU20S 

(V CE = 1300 Vdc, V BE = 0) BU207 

<CES 

- 

- 

1.0 

1.0 

Vdc 

Emitter Base Voltage 
(l E = 10 mA, lc = 0) 

v ebo 

5.0 

— 

— 

Vdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 4.5 Adc, VcE = 5 Vdc) 

hpE 

2.25 

- 

- 

- 

Collector-Emitter Saturation Voltage 
(1C = 4.5 Adc, 1 B =2 Adc) 

VCE(sat) 

- 

- 

5 

Vdc 

Base Emitter Saturation Voltage 
(I C = 4.5 Adc. I B = 2 Adc) 

v BE(sat) 

- 

- 

1.5 

Vdc 

Second Breakdown Collector Current with Base 

Forward Biased 

'S/b 


See Figure 14 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(l c = 0.1 Adc, Vce = 5.0 Vdc, f test = 1 MHz) 

f T 

- 

4.0 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 


125 


PF 


SWITCHING CHARACTERISTICS 


Fall Time 

(IC = 4.5 Adc, l B = 1.8 Adc, 

L B = 10 pH, see Figure 1 ) 

tf 

- 

0.6 

- 

Ms 



(1) Pulse Test: Pulse Width = 300 jus, Duty Cycle < 2%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



Com +125 V 

DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1 /4" laminate "E” iron core. 
Primary Inductance — 39 mH, Secondary Inductonce — 0.22 mH, 
Leakage Inductance with primary shorted - 2.0 pH. Primary 260 
turns, #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 


•c 

A 

L 

mH 

C 

#F 

3.5 

0.87 

0.013 

4.5 

0.67 

0.017 
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BU207, BU208 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough ig-j to satisfy the lowest gain 
output device hpg at the end of scan Iq M . Worst-case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lg is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables ( *CM # ? B1» and h FE at ! CM^ 
One method is to plot fall time as a function of Lg, at the 
desired conditions, for several devices within the hpp 
specification. A more informative method is to plot power 
dissipation versus Ig-j for a range of values of Lg as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low Ig-j) is caused by saturation losses. The positive slope 
portion at higher Ig-j, and low values of Lg is due to 
switching losses as described above. Note that for very low 
Lg a very narrow optimum is obtained. This occurs when 
I b 1 hpp= l CM , and therefore would be acceptable only 
for the ''typical” device with constant 1^. As l -B ’ s in ‘ 
creased, the curves become broader and flatter above the 
I Bl h FE “ ! CM P° mt as the turn-off "tails” are brought 
under control. Eventually, if Lg is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpg, essen- 
tially moves the curves to the left or right according to the 
relation Ig-j hpg = constant. It then becomes obvious 
that, for a specified Iq^, an Lg can be chosen which will 
give low dissipation over a range of hpp and/or Ig-j. The 
only remaining decision is to pick Ig-j high enough to 
accommodate the lowest hpp part specified. Figure 8 
gives values recommended for Lg and lg^ for this device 
over a wide range of Iqm- These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lg nor Ig-j are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 



(timo) 


FIGURE 3 



(time) 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fail time, storage timo, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it Is the 
dissipation in the transistor that is of fundamental Importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be seiected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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INPUT POWER (WATTS) 


BU207, BU208 


FIGURE 4 - OPTIMIZING DRIVE @ l C = 3.5 A 


FIGURE 5 - OPTIMIZING DRIVE @ l C - 4.5 A 




l B1 , BASE CURRENT (AMP) 

FIGURE 6 - SWITCHING BEHAVIOR versus 
TEMPERATURE 

l C M = 3.5 A. I B .= 1.5 A, Lq = 14 mH 


0.5 1 1.5 

l B1 , BASE CURRENT (AMP) 

FIGURE 7 - SWITCHING BEHAVIOR versus 
TEMPERATURE 

l CM = 4.5 A. I B » 1.75 A, L B = 8 mH 
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FIGURE 8 - OPTIMUM DRIVE CONDITIONS 
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FIGURE 9 - SWITCHING BEHAVIOR versus Iqm 
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BU207, BU208 


4 


FIGURE 10 - THERMAL RESPONSE 
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Ic, COLLECTOR CURRENT (AMP) 


BU207. BU208 


FIGURE 14 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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D40C1 

D40C2 

D40C4 

D40C5 


NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 

. . . designed for amplifier and driver applications where high gain is 
an essential requirement, low power lamp and relay drivers and power 
drivers for high-current applications such as voltage regulators. 

© High DC Current Gain - 

h FE = 40,000 (Min) @ l c = 200 mAdc - D40C2, 5 

® Col lector- Emitter Breakdown Voltage - 

BVcEO = ^0 Vdc (Min) @ Iq = 10 mAdc — D40C4, 5 
© Low Collector-Emitter Saturation Voltage - 
VcE(sat) = 1 *5 Vdc (Max) @ Iq = 500 mAdc 

• Duowatt Package — 

2 Watts Free Air Dissipation @ = 25°C 


DUOWATT 

NPN SILICON 
DARLINGTON AMPLIFIER 
TRANSISTORS 



MAXIMUM RATINGS 

Rating 

Symbol 

D40C1,2 

D40C4, 5 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

30 

40 

Vdc 

Emitter-Base Voltage 

v EBO 

13 

Vdc 

Collector Current — Continuous 

Peak(1) 

>C 

0.5 

1.0 

Adc 

Base Current — Continuous 

'b 

100 

mAdc 

Total Power Dissipation @ = 25°C 

Derate above 25°C (2) 

Pd 

1.67 

13.3 

Watts 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

P D 

6.25 

50 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J. T stg 

-55 to +1 50 

°C 

Solder Temperature, 1/16" from Case 
for 10 Seconds 

- 

260 

°c 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R 0JA 

75 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

20 

°c/w 

(1 ) Pulse Width < 25 ms. Duty Cycle < 50%. 

(2) The actual power dissipation capability of Duowatt transistors are 2 W @ T/\ = 

25°C. 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3 . COLLECTOR 

4. COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1.65 

2.03 

0.065 

0.080 

N 

9.91 

10.16 

0.390 

0.400 

Q 

3.56 

3.81 

0.140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 


TO-202AC 

CASE 306-04 
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D40C1, D40C2, D40C4, D40C5 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min 1 Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

Oc = 10 mAdc, Vg E = 0) 

D40C1 , 2 

D40C4, 5 

BV CEO 

30 

40 

■ ~ 

Vdc 

Collector Cutoff Current 

(V C B = Rated V C ES< 'E = 0. Tj = 150°C) 


•CBO 

- 

20 

pAdc 

Collector Cutoff Current 

(Vce = Rated Vqes* V BE = 


'CES 

- 

0.5 

pAdc 

Emitter Cutoff Current 
(V EB = 13 Vdc, l C = 0) 


•ebo 


100 

nAdc 


ON CHARACTERISTICS (1) 


Current Gain 

(IC = 200 mAdc. V CE = 5.0 Vdc) D40C1.4 

D40C2, 5 

h FE 

10,000 

40,000 

60,000 

' 

Collector-Emitter Saturation Voltage 
(l C = 500 mAdc, lg = 0.5 mAdc) 

v CE(sat) 

- 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 500 mAdc, lg = 0.5 mAdc) 

v BE(sat) 


2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Collector Capacitance 

(V C g = 10 Vdc, l E = 0, f = 1.0 MHz) 

^cb 

- 

10 

PF 

High Frequency Current Gain 

(Iq = 20 mA, Vce = 5 Vdc, f = 100 MHz) 

hfe 

1.0 

- 

- 

Input Impedance 

(l c = 20 mA, V CE = 5 Vdc, f = 1 kHz) 

h ie 

50 

- 

Ohms 


(1 ) Pulse Test: Pulse Width ^ 300 ps, Duty Cycle <= 2.0%. 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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D40C1, D40C2, D40C4, D40C5 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 2 - DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGES 


■SUB 


VBE(sat)@lc/lB = 500 


» BE(on) “ *CE = 5.0 V - 


20 30 50 70 100 200 300 500 700 1.0 k 

1C, COLLECTOR CURRENT (mA) 


FIGURE 4 - COLLECTOR SATURATION REGION 

mu m 1 1 min ii iiiii™i 



FIGURE 5 - TEMPERATURE COEFFICIENT 
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FIGURE 6 - THERMAL RESPONSE 
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'ETUL 

: H=tJ 


— ZflJC(t) = '( t) Rtf JC 
R^JC = 20°C/W Max 

— — Ztf JA(t) = r(») Rtf JA 
Rtf JA = 75°C7W Max 


I I | D CURVES APPLY FOR POWER 
— H*1 1— 1 PULSE TRAIN SHOWN 
r- t2~n READ TIME AT ti 
Duty Cyde. 0 = ti/t 2 Tj{pkj -Tc * P(pk) Rtf JC(t) 








C. CAPACITANCE (pF) 


D40C1, D40C2, D40C4, D40C5 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - CAPACITANCE 
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NPN 

D40D 


PNP 

D41D 


COMPLEMENTARY SILICON ANNULAR* 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 


Duowatt Package — 2 Watts Free Air Dissipation @ = 25°C 


DUOWATT 

COMPLEMENTARY SILICON 
AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 


Rating 

Symbol 

D40/41D 

1.2 

D40/41 D 

4,5 

D40/41D 

7,8 

D40/41D 

10,11,13,14 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

45 

60 

75 

Vdc 

Collector-Emitter Voltage 

V CES 

45 

60 

75 

90 

Vdc 

Emitter-Base Voltage 

v EBO 


Vdc 


Collector Current — Continuous 

Peak (1 ) 

>C 


Adc 



Base Current 

•b 


mAdc 


Total Power Dissipation @ T/^ = 25°C 

Derate above 25°C (2) 

Pd 


Watts 

mW/°C 

-« 13.3 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 



50 ► 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J> T stg 

55 to +150 

°C 

Solder Temperature, 1/16" from Case 
for 10 Seconds 

- 


° c 

^ °C0 j* 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

20 

°c/w 

(1) Pulse Test: Pulse Width < 300 ps. 

(2) The actual power dissipation capability of Duowatt transistors are 2 W @ T/^ = 25°C. 


^Annular Semiconductors Patented by Motorola Inc. 


STYLE 1- 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

4. COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1 65 

2.03 

0.065 

0.080 

N 

9.91 

10.16 

0.390 

0 400 

Q 

3.56 

3.81 

0.140 

0.150 

R 

. 1.0/ 

~ur 

0.042 

0.089 

T 

7.87 

9.14 

0.310 

“ratr 


TO-202AC 
CASE 306-04 
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D40D, NPN, D41D, PNP 


ELECTRICAL CHARACTERISTICS (T/y = 25°C unless otherwise noted.) 


| Characteristic 

j Symbol j 

Min 

j Max 

| Unit | 

OFF CHARACTERISTICS 






Collector-Emitter Breakdown Voltage 
(l c = 10 mAdc. I B = 0) 

D40D 1 ,2/D41 D1 ,2 

D40D/D41 D— 4,5 

D40D/D41 D— 7,8 
D40D/D41D-10.1 1,13,14 

bv C eo 

30 

45 

60 

75 

- 

Vdc 

Collector Cutoff Current 
(Vce = Rated Vqes) 


•CES 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc) 


>EBO 

~ 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

h FE 



- 

(IC= 100 mAdc, Vce = 2.0 Vdc) D40D/D41 D-1 ,4,7,10,13 


50 

150 


D40D/D41D-2,5, 8,1 1,14 


120 

360 


(l C = 1 .0 Adc, V CE = 2.0 Vdc) D40D1 ,4,5,7.8,10,1 1 


10 

- 


D41D1, 4 ,5,7,8, 10,11 


10 

- 


D40D/D41 D— 2 


20 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq = 500 mAdc, l B = 50 mAdc) D40D/D41 D-1 ,2,4,5 


- 

0.5 


D40D,7,8, 10, 1 1 , 1 3, 1 4 


- 

1.0 


D41 D7, 8, 10, 11, 13, 14 


- 

1.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

1.5 

Vdc 

(lc = 500 mAdc, l B = 50 mAdc) 

! 





DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

(l C = 20 mA, Vq E = 10 Vdc, f = 20 MHz) 


75 

375 

MHz 

Collector-Base Capacitance 

Ccb 



pF 

(V CB = 20 Vdc, l E = 0, f = 1 MHz) D40D series 


- 

12 


D41 D series 


- 

18 



(1 ) Pulse Test: Pulse Width < 300 ns, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 

FIGURE 1 - CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 2 - CAPACITANCES 
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NPN PNP 

D40E1 D41E1 
D40E5 D41E5 
D40E7 D41E7 


COMPLEMENTARY SILICON ANNULAR 4 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 


Duowatt Package — 2 Watts Free Air Dissipation @ T/\ = 25°C 


DUOWATT 

COMPLEMENTARY SILICON 
AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak (1 ) 


Total Power Dissipation (s 
Derate above 25°C (2) 


T a = 25°C 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Solder Temperature, 1/16" from Case 
for 10 Seconds 


Symbol D40/41E1 D40/41E5 D40/41E7 


VCEO 


V CES 


v EBO~ 


PD 


PD 


T J« T $tg 


30 


60 


80 


-5.0- 


-1.67- 
-13.3 - 


- 8 - 
-64 - 


-260- 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


r 0JA 


R 0JC 


15.6 


°c/w 


°c/w 


NOTES 1 . Pulse Test: Pulse Width < 300 ms. 

2. The actual power dissipation capability of Duowatt transistors are 2 V 
T a = 25°C. 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

0 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1.65 

2.03 

0.065 

0.080 

N 

9.91 

10.16 

0.390 

0.400 

“Q~ 

3.56 

3.81 

0.140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 


TO-202AC 
CASE 306-04 
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NPN D40E1, D40E5, D40E7 
PNP D41E1, D41E5, D41E7 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C - 10 mAdc, lg = 0) 

D40E1/D41 El 
D40E5/D41E5 
D40E7/D41E7 

Emitter Cutoff Current 


(V EB = 5.0 Vdc, I C = 0| 


Collector Cutoff Current 


(Vce - Rated Vqes) 



ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 100 mAdc, V C e = 2.0 Vdc) 

(l C = 1.0 Adc, V CE = 2.0 Vdc) 

h FE 

Collector-Emitter Saturation Voltage 
(l C = 1.0 Adc, lg = 100 mAdc) 

v CE(sat) 

Base-Emitter Saturation Voltage 
(l C = 1.0 Adc, lg = 100 mAdc) 

v BE(sat) 




1.0 

Vdc 

1.3 

Vdc 
































RRENT GAIN 


NPN D40E1, D40E5, D40E7 
PNP D41E1, D41E5, D41E7 


TYPICAL CHARACTERISTICS (continued) 



FIGURE 3 - DC CURRENT GAIN 
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I c . COLLECTOR CURRENT (AMPS) 


NPN D40E1, D40E5, D40E7 
PNPD41E1,D41E5, D41E7 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 6 - THERMAL RESPONSE 




FIGURE 7 - ACTIVE-REGION SAFE-OPERATING AREA 


D40E series D4 IE series 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC' V CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 



1 2 5 7 10 20 50 70 100 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS 

The data of Figure 7 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j ( p |< ) ^ 150°C. Tj(p|<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0 20 40 60 80 100 120 140 160 


Tc. CASE TEMPERATURE (°C) 


FIGURE 8 - POWER DERATING 
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COMPLEMENTARY SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 


. . . designed for amplifier and driver applications where high gain is 
an essential requirement, low power lamp and relay drivers and 
power drivers for high-current applications such as voltage regulators. 


® Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1-5 Vdc (Max) @ \q = 1.5 Adc for D40,41K1,2 


DUOWATT 

COMPLEMENTARY SILICON 
DARLINGTON AMPLIFIER 
TRANSISTORS 
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I C . COLLECTOR CURRENT (AMP) 


NPN D40K, PND D41K 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

D40,41K1,3 

bv CEO 

30 

_ 

Vdc 

(Iq = 10 mAdc) 

D40.41K2.4 


50 

- 


Collector Cutoff Current 


•CBO 

- 

20 

MAdc 

(V C B - Rated V CES# l E = 0, Tj = 150°C) 






Collector Cutoff Current 


•ces 

- 

0.5 


(Vce = Rated Vqes- v BE = 0) 





H 

Emitter Cutoff Current 


Iebo 

- 

100 

nAdc 

(V EB = 13 Vdc. l c - 0) 






ON CHARACTERISTICS (1) 

DC Current Gain 


hpE 



_ 

(Iq = 200 mAdc, V CE = 5.0 Vdc) 

All Devices 


10,000 

- 


(l C = 1.5 Adc, V C E = 5.0 Vdc) 

D40.41 K1 ,2 


1 ,000 

- 


(l C = 1-0 Adc, V CE = 5.0 Vdc) 

D40.41 K3,4 


1,000 

- 


Collector-Emitter Saturation Voltage 


v CE(sat) 



1 H 

(l c = 1 .5 Adc, l B = 3.0 mAdc) 

D40.41 K1 ,2 


- 


H H 

(l c = 1.0 Adc, l B = 2.0 mA) 

040,41 K3, 4 


- 


■ ■ 

Base-Emitter Saturation Voltage 


v BE(sat) 


| 


(Iq = 1 -5 Adc, l B = 3.0 mAdc) 

D40.41 K1 ,2 


— 


I 

(lc = 1 .0 Adc, 1 B =2.0 mAdc) 

D40.41K3.4 


- 

■ 

■ I 


DYNAMIC CHARACTERISTICS 


Collector Capscitanco 040K series 

(Vcb = 10 Vdc, l E = 0, f = 1 .0 MHz) D41 1< series 

C cb 

- 

10 

25 

pF 

High Frequency Current Gain 

(IC = 20 mA, V C E = 5 Vdc, f = 100 MHz) 

Ihfel 

1.0 




1 . Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC SAFE OPERATING AREA 




0 20 40 60 80 100 120 140 160 


T, TEMPERATURE (°C) 
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NPI\I D40K, PND D41K 


TYPICAL CHARACTERISTICS (continued) 


DC CURRENT GAIN 


FIGURE 3 - (D40K series) 


FIGURE 4 - (D41K series) 
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Ihfel. HIGH FREQUENCY CURRENT GAIN 


NPN D40K, PND D41K 


TYPICAL CHARACTERISTICS (continued) 

CAPACITANCE 

FIGURE 8 - (D40K series) FIGURE 9 - (D41K series) 




HIGH FREQUENCY CURRENT GAIN 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 11 - (D41K series) 
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D40N1 D40N3 

D40N2 D40N4 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . . designed for high-voltage TV video and chroma output circuits, 
high-voltage linear amplifiers, and high-voltage transistor regulators. 


• High Collector-Emitter Breakdown Voltage — 

BVqe R = 300 Vdc (Min) @ Iq = 1.0 mAdc - D40N3, 

• Low Collector-Base Capacitance — 

C c b = 3.0 pF (Max) @ Vcb = 20 Vdc 

• Duo watt Package — 

2 Watts Free Air Dissipation @ T /\ = 25°C 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 

Rating 

Symbol 

D40N1, 2 

D40N3, 4 

Unit 

Collector-Emitter Voltage (1, 2) 

V CER 

250 

300 

Vdc 

Collector-Base Voltage 

VCBO 

250 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 
- Peak 

•c 

6 d 

Adc 

Base Current 

*B 

250 

mAdc 

Total Power Dissipation @T^ = 25°C 
Derate above 25°C 

PD 

1.67 (3) 

13.3 

Watts 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

6.25 

50 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

t J< T stg 

-55 to +1 50 

°C 

Solder Temperature. 1/16” from Case 
for 10 Seconds 


260 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance. Junction to Ambient 

r 0JA 

75 

°C/W 

Thermal Resistance, Junction to Case 

R yjc 

20 

°c/w 

(1) lc = I.OmAdc, R B e = 10 ka. 

(2) Pulse Test: Pulse Width < 300 ms, Duty Cycle *5 2%. 

(3) The actual power dissipation capability of Duowatt transistors are 2 W @ T/\ = 25°C. 

\ 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 
4. COLLECTOR 



DIM 

MILLIMETERS 

- INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0 390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

D 

0.58 

0 74 

0 023 

0 029 

F 

G 

3 56 

4 06 

0 140 

0 160 

2.41 

2.67 

0 095 

0 105 

H 

1.70 

1.96 

0 067 

0 077 

J 

0.48 

0 66 

0 019 

0.026 

K 

12.19 

12 95 

0.480 

0510 

L 

1.65 

2.03 

0 065 

0 080 

N 

991 

10.16 

0 390 

0 400 

Q 

3.56 

381 

0 140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 


TO-202AC 
CASE 306-04 
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D40N1, D40N2, D40N3, D40N4 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic [ Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 



(1) Pulse Test: Pulso Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor- average junction temperature and second breakdown. 
Safe operating area curves indicate lc v CE limits of the transistor 
that must be observed for reliable operation; i.e. ( the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T J (pk) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p k) ^ 150°C. T J(p|<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


1.0 2.0 5 0 10 20 50 100 200 500 10 k 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



Circuit diagrams external to or containing Motorola products are included as a means of illustration only Complete information 
sufficient for construction purposes may not be fully illustrated Although the information herein has been carefully checked and is believed 
to be reliable, Motorola assumes no responsibility for inaccuracies Information herein does not convey to the purchaser any license under 
the patent rights of Motorola or others 

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right 
to make any changes to the information and the product(s) to which the information applies and to discontinue manufacture of the 
product(s) at any time. 
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D40N1, D40N2, D4QN3, D40N4 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 2 - DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGES 
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D40N1, D40N2, D40N3, D40N4 


TYPICAL CHARACTERISTICS (continued) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 8 - CURRENT-GAIN - 
BANDWIDTH PRODUCT 




APPLICATIONS 

The D40N4 is primarily designed for use in the R, G, and 
B output stages of color television receivers and with a high 
BVceo- 't can supply the video amplitude requirements of 
any known system. The low feedback capacitance provides good 
video bandwidth with modest drive current requirements. Typical 
drive is from an emitter-follower with a 4.7 k emitter-resistor 
operated from a 20-Volt supply. It will, therefore, be operable 
directly from a number of available chroma demodulators. The 
low output capacitance of this device adds little to the total 
load capacitance, allowing improved bandwidth for a given 
collector load resistor. Two typical applications for the D40N4 
are shown in Figures 9 and 10. 

Device dissipation will reach approximately 1.6 Watts under 


FIGURE 9 - RGB OUTPUT WITH RGB INPUT 



INFORMATION 

worst-case signal conditions and some heat-sinking is required at 
ambient temperatures above 50°C. 

Used as a color difference output, where drive and band- 
width requirements are less severe, the D40N4 can be operated 
with 27 k ohm load resistors (worst-case dissipation would 
then be only 0.6 Watts). The device can, therefore, be operated 
as a color-difference output without any heat radiator in ambient 
temperatures to 150 - (0.6) (75) = 105°C. 

In addition, the safe operating area of the D40N4 will fill the 
requirements of the luminance output function with a total 
equivalent load of 5.0 kilohms. Worse-case dissipation can reach 
3 Watts, this requires a total R#ja of (150-65J/3 = 28.4°C/W. 
To achieve this a 2" X 3" aluminum plate will be required. 


FIGURE 10 - RGB OUTPUT, MATRIXING COLOR 
DIFFERENCE AND LUMINANCE INPUTS 
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D40P1 

D40P3 

D40P5 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 

. . . designed for horizontal drive applications, high-voltage linear 
amplifiers, and high-voltage transistor regulators. 

9 High Collector-Emitter Breakdown Voltage - 

BVqeo = 225 Vdp (Min) @ l c = 1 .0 mAdc - D40P5 

® Low Collector-Emitter Saturation Voltage — 

VcE(sat) = L0 Vdc (Max) @ |q = 100 mAdc 

• Duowatt Package — 

2 Watts Free Air Dissipation @ T^ = 25°C 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak (1) 


Total Power Dissipation @ = 25°C 

Derate above 25°C 


Total Power Dissipation @Tc = 25°C 
Derate above 2fc°C 


Operating and Storage Junction 
Temperature Range 


Solder Temperature, 1/16" from Case 
for 10 Seconds 


Symbol DAO PI [ D40P3 D4QP5 


v CEO 


V CBQ 


v EBO 


PD 


PD 


T J- T stg 


120 


180 


225 


300 


-0.5- 
- 1 . 0 - 


■ 1.67 (2)- 
— 13.3 — 


-6.25- 

- 50 ~ 


Watts 

mW/°C 


Watts 

mW/°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


R 0JA 


R 0JC 


Unit 


°c/w 


°c/w 


Pulse Test: Pulse Width < 1.0 ms. Duty Cycle < 50%. 

(2) The actual power dissipation capability of Duowatt transistors are 2 W @ T/^ = 25°C. 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 
4. COLLECTOR 
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D40P1, D40P3, D40P5 


ELECTRICAL CHARACTERISTICS Oa = 25°C unless otherwise noted.) 

| Charactor | Symbol | Min \ Max | Uni7 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l C = 1.0 mAdc, l B = 0) 

D40P1 

D40P3 

D40P5 

BVCEO 

120 

180 

225 


Vdc 

Collector Cutoff Current 


*CBO 



MAdc 

(V C B = 200Vdc, l E = 0) 

D40P1 


- 

10 


(V cb = 250 IVdc, l E = 0) 

D40P3 


- 

10 


(V C B =300 Vdc, l E - 0) 

D40P5 


- 

10 


Emitter Cutoff Current 


•ebo 

- 

10 

MAdc 

(V eb = 7.0 Vdc, l C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(IC = 80 mAdc, Vqe = 10 Vdc) 

(l C = 2.0 mAdc, Vq E = 10 Vdc) 

h FE 


- 

"" 

Collector-Emitter Saturation Voltage 
(l C = 100 mAdc, 1 B = 10 mAdc) 

warn 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(lC = 100 mAdc, l B = 10 mA) 

i 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(lC = 80 mAdc, V CE = 10 Vdc, f = 20 MHz) 


50 

- 

MHz 

Collector-Base Capacitance 

(V C B “ 10 Vdc, l E = 0, f = 1.0 MHz) 

C c b 


6.0 

PF 


SWITCHING CHARACTERISTICS 


Storage Time 

ts 

- 

2.5 

MS 

<'C(on) = 80 mA, l B ( on ) = 8.0 mA, l B(off ) = 8.0 mA) 






(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 



IC. COLLECTOR CURRENT (mA) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 

Vr, REVERSE VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (mA) Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) h FE. DC CURRENT GAIN 


D40P1, D40P3, D40P5 


TYPICAL CHARACTERISTICS (Continued) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IB, BASE CURRENT (mA) 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 


IC, COLLECTOR CURRENT (mA) 


FIGURE 7 - COLLECTOR CHARACTERISTICS 




-0.4 -0.2 0 +0.2 +0.4 +0.6 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 
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D40P1, D40P3, D40P5 


TYPICAL CHARACTERISTICS (Continued) 


FIGURE 9 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 10 - ACTIVE REGION SAFE-OPERATING AREA 
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3.0 5.0 7.0 10 20 30 50 70 100 200 300 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ ^CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves, indicate. 

The data of Figure 10 is based on Tc = 25°C; Tj( p j<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 11. 

Tj(pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



20 40 00 80 100 120 140 160 

Tc, CASE TEMPERATURE (°C) 


Circuit diagrams external to or containing Motorola products 
are included as a means of illustration only. Complete information 
sufficient for construction purposes may not be fully illustrated. 
Although the information herein has been carefully checked and is 
believed to be reliable, Motorola assumes no responsibility for 
inaccuracies. Information herein does not convey to the purchaser 
any license under the patent rights of Motorola or others. 

The information contained herein is for guidance dnly, with no 
warranty of any type, expressed or implied. Motorola reserves the 
right to make any changes to the information and the product(s) 
to which the information applies and to discontinue manufacture 
of the product(s) at any time. 
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NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 

. . . designed for high-voltage TV video and chroma output circuits, 
high-voltage linear amplifiers, high-voltage drivers and high-voltage 
transistor regulators. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 300 Vdc (Min) @ l C = 1 .0 mAdc - MDS21 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.6 Vdc (Max) @ Iq = 30 mAdc 

• Low Collector-Base Capacitance — 

C c b = 3.0 pF (Max) @ V CB = 20 Vdc 

• Duowatt Package — 

2 Watts Free Air Dissipation @ Ta = 25°C 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 
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MDS20, MDS21 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

j Characteristic | Symbol 1 Min 1 Max 1 Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Iq = 1.0 mAdc, lg = 0) 

MDS20 

MDS21 

bv C eo 

250 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 

MDS20 

BV CB o 


- 

Vdc 

(lc = 100 juAdc, 1 E = 0) 

MDS21 



- 


Emitter-Base Breakdown Voltage 


bv EB o 

8.0 

- 

Vdc 

( 1 e = 100 MAdc, lc = 0) 






Collector Cutoff Current 


'CEO 



pAdc 

(Vce = 150 Vdc, lg = 0) 

MDS20 


- 

0.5 


(V C E = 200 Vdc, lg = 0) 

MDS21 


- 

0.5 


Collector Cutoff Current 


'CBO 



juAdc 

(V CB = 200 Vdc. I E = 0) 

MDS20 


- 

0.1 


(V C g = 250 Vdc, l E = 0) 

MDS21 


- 

0.1 


Emitter Cutoff Current 


'EBO 

- 

0.1 

juAdc 

(V BE = 6.0 Vdc, Iq = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 30 mAdc, Vce = 10 Vdc) 

h FE 

40 

250 

- 

Collector-Emitter Saturation Voltage 
(1C = 30 mAdc, lg = 3.0 mAdc) 

VcE(sat) 

- 

0.6 

Vdc 

Base-Emitter On Voltage 

0c = 30 mAdc, Vce = 10 Vdc) 

v BE(on) 

~ 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Prdouct 

(l C = 10 mAdc, V C E = 20 Vdc, f = 20 MHz) 

*T 

60 

~ 

MHz 

Collector-Base Capacitance 

(V C b = 20 Vdc, l E = 0. f = 1 .0 MHz) 

Ccb 

~ 

3.0 

PF 


Note 1. Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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MDS20, MDS21 


TYPICAL CHARACTERISTICS (continued) 



3.0 5.0 10 30 50 100 200 300 


l c , COLLECTOR CURRENT (mA) 



0.3 1.0 10 20 50 100 200 300 


l c , COLLECTOR CURRENT (mA) 


FIGURE 4 - COLLECTOR SATURATION REGION 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

l B , BASE CURRENT (mA) 


FIGURE 5 - TEMPERATURE COEFFICIENTS 



FIGURE 6 - THERMAL RESPONSE 



t, TIME (ms) 
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C, CAPACITANCE (pF) 


MDS20, MDS21 


TYPICAL CHARACTERISTICS (continued) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

V R , REVERSE VOLTAGE (VOLTS) 


FIGURE 8 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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5.0 10 15 20 

l C . COLLECTOR CURRENT (mA) 



APPLICATIONS 

The MDS21 is primarily designed for use in the R, G, and B 
output stages of color television receivers, and with a high BVqeo 
it can supply the video amplitude requirements of any known 
system. The low feedback capacitance provides good video band- 
width with modest drive current requirements. Typical drive 
is from an emitter-follower with a 4.7 k emitter-resistor operated 
from a 20-Volt supply. It will, therefore, be operable directly from 
a number of available chroma demodulators. The low output 
capacitance of this device adds little to the total load capacitance, 
allowing improved bandwidth for a given collector load resistor. 

Two typical applications for the MDS21 are shown in Figures 9 
and 10. 

Device dissipation will reach approximately 1 .6 Watts under 
worst-case signal conditions and some heat sinking is required 
at ambient temperature above 50°C. 


FIGURE 9 - MDS21 AS RGB OUTPUT WITH RGB INPUT 



INFORMATION 

Used as a color difference output, where drive and bandwidth 
requirements are less severe, the MDS21 can be operated with 
27 k ohm load resistors (worst -case dissipation would then be only 
0.6 Watts). The device can, therefore, be operated as a color- 
difference output without any heat radiator in ambient tempera- 
tures to 150 - (0.6X62.5) = 1 12.5°C. 

In addition, the safe operating area of the MDS21 will fill 
the requirements of the luminance output function with a total 
equivalent load of 5.0 kilohms. Worst-case dissipation can reach 
3 Watts; this requires a total of (150 - 65)/3 = 28.4°C/W. 

To achieve this a 2" x 3” aluminum plate will be required. 


FIGURE 10 - MDS21 AS RGB OUTPUT, MATRIXING 
COLOR DIFFERENCE AND LUMINANCE INPUTS 
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NPN PNP 

MDS 26 MDS76 

MDS2? mmn 


Advaece Iraforrnatiora 


COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high 
speed switching applications. 

© Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 40 Vdc - MDS26, MDS76 
= 60 Vdc — MDS27, MDS77 

• DC Current Gain — 

hpE = 40 (Min) @ l£ = 0.2 Adc 
= 30 (Min) @ ic - 1.0 Adc 

• Current-Gain — Bandwidth Product — 

fj = 50 MHz (Min) @ l C = 100 mAdc 

• Annular Construction for Low Leakages — 

ICBO = 1 00 nA (Max) @ Rated Vqb 


DUOWATT 
3.0 AMPERE 


COMPLEMENTARY SILICON 
POWER TRANSISTORS 


40, 60 VOLTS 
10 WATTS 



MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Total Device Dissipation @ = 25°C 

Derate above 25°C 


Total Device Dissipation @ Tc= 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


V CB 


v CEO 


VEB 


PD 


PD 


T J< T stg 


MDS26 

MDS76 


MDS27 

MDS77 


3.0 

■ 5.0 - 


- 2 . 0 - 
- 0.016- 


10 
80 - 


Watts 

W/°C 


Watts 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to 
Ambient 


Symbol 


0JC 


0 JA 


12.5 


62.5 


°C/W 


°c/w 



STYLE 3: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

n 



0.019 


km 

IHH 

■MUM 

■UtMij 


i 



0.065 

EH 

mm 




■HLHlf 

Q 

3.56 

3.81 

0.140 

El 

mm 

HU 

IKi 

■min 


n 

WEHM 

BK1 

CEE 

■DK1.HB 


CASE 306-04 
TO-202 AC 


This Is advance information and specifications are subject to change without notice. 


4-402 





MDS26, MDS27IMPN/MDS76, MDS77PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


~ Characteristic ] Symbol ] Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

< 1 c = 10 mAdc, Ib = 0) 

MDS26,MDS76 
MDS27,M DS77 



- 


Collector Cutoff Current 


•CBO 



MAdc 

(V C b = 60 Vdc, l E = 0) 

MDS26.MDS76 


- 

0.1 


(V CB = 80 Vdc, l E = 0) 

MDS27,MDS77 


- 

0.1 








(V CB = 60 Vdc. I E = 0, T c = 125°C) 

MDS26.MDS76 



0.1 


(V CB = 80 Vdc, l E = 0, Tq = 125°C) 

MDS27.MDS77 


- 

0.1 


Emitter Cutoff Current 


'EBO 



M Adc 

(V BE = 7.0 Vdc, Iq = 0) 



~ 

0.1 



ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 200 mAdc, Vq E = 1 .0 Vdc) 

(Iq = 1.0 Adc,V C E = 1.0 Vdc) 

hpE 


200 


Collector-Emitter Saturation Voltage 

v CE(sat) 



■j 

(Iq = 200 mAdc, l B = 20 mAdc) 


- 


■ 

(l C = 1.0 Adc, l B = 100 mAdc) 


- 


H H 

(Iq = 3.0 Adc, l B = 600 mAdc) 


- 


■ | 

Base-Emitter Saturation Voltage 

v BE(sat) 




(Iq = 2.0 Adc, l B = 200 mAdc) 


- 

1.8 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(Iq = 500 mAdc, Vq E = 1.0 Vdc) 


- 

1.5 


JJYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

fT 



MHz 

(Iq = 100 mAdc, V CE = 10 Vdc, f t est ,^ 10 MHz > 


50 

- 


Output Capacitance 

Cob 



pF 

(Vq B = 10 Vdc, l E = 0, f = 0.1 MHz) MDS26, MDS27 


- 



MDS76, MDS77 


- 




(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0% 

(2) f T = I hfe latest 
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PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose applications requiring high break- 
down voltages, low saturation voltages and low capacitance. 

• Complement to NPN Type 2N6558 


DUOWATT 

PNP SILICON 
HIGH VOLTAGE 
TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 

Collector-Bate Voltage 

Emitter-Base Voltage 
Collector Current — Continuous 


Total Power Dissipation @ T A ” 25°C 
Derate above 25°C 

Total Power Dissipation @Tc* 25°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 

| Characteristic 


Thermal Resistance, Junction to Case 


Symbol Max Unit 


OJA 62.5 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 
I Characteristic I Symbol I 



Emitter-Base Breakdown Voltage 
(l E - 10 pAdc, l C • 0) 


Collector Cutoff Current 
(V C B = 200 Vdc, l E =0) 
Emitter Cutoff Current 
(V BE = 3.0 Vdc, lc = 0) 


ON CHARACTERISTICS 
DC Current Gain 
IIC- 1.0 mAdc. V C E = 10 Vdc) 
(1C = 10mAdc. V C E = 10 Vdc) 
(IC = 30mAdc, V C E = 10 Vdc) 


Collector-Emitter Saturation Voltage 
|IC = 30 mAdc, lg = 3.0 mAdc) 

Base-Emitter Saturation Voltage 
(1C = 30 mAdc, lg = 3.0 mAdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 
(I C = 10 mAdc, V CE = 20 Vdc, f = 10 MHz) 
Collector-Base Capacitance 
( Vcb = 20 Vdc. I E = 0. f = 1 .0 MHz) 


(1) Pulse Test: Pulse Width < 300 ps. Duty Cycle <; 2%. 


STYLE!: j- 

PIN 1. EMITTER 1 

2. BASE 

3. COLLECTOR 

4. COLLECTOR 


DIM 

MILLIMETERS INCHES 

MIN | MAX MIN | MAX 

A 

21.84 

22.35 0.860 

0.880 

B 

9.91 

10 41 0.390 

0410 

C 

4 39 

4 65 0.173 

0 183 

0 

0.58 

0.74 0 023 

0.029 

F 

3 56 

4 06 0 140 

0 160 

G 

241 

2.67 0.095 

0.105 

H 

1 70 

1.96 0 067 

0 077 

J 

0 48 

0.66 0 019- 

0 026 

K] 

12.19 

12 95 0.480 

0510 

L 

1 65 

2.03 0.065 

0 080 

N 

991 

10 16 0 390 

0 400 

Q 

3.56 

3.81 0.140 

0.150 

R 

T 

1.07 

7.87 

1.75 0.042 

9.14 0.310 

0.069 

0.360 


CASE 306-04 
TO-202 AC 
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V. VOLTAGE (VOLTS) C. CAPACITANCE (pF) h F E. DC CURRENT GAIN 


MDS60 


FIGURE 1 -DC CURRENT GAIN 




FIGURE 2 -CAPACITANCES 




Iq. COLLECTOR CURRENT (mA) 


FIGURE 4 - "ON” VOLTAGES 


FIGURE 5 - DC SAFE OPERATING AREA 
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MDS1678 


NPN SILICON ANNULAR 4 RF TRANSISTOR 

. . . designed for use in Citizen-band and other high-frequency 
communications equipment operating to 30 MHz. Higher breakdown 
voltages allow a high percentage of up-modulation in AM circuits. 

© Output Power = 4 W (Min) @ Vcc = 1 2 Vdc 
© Power Gain = 10 dB (Min) 

o High Collector-Emitter Breakdown Voltage - BVcER ^ 65 Vdc 


DUOWATT 

4 W— 27 MHz 

RF POWER OUTPUT 
TRANSISTOR 

NPISJ SILICON 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

v CBO 

65 

Vdc 

Collector-Emitter Voltage 

VCER 

65 

Vdc 

Emitter-Base Voltage 

Vebo 

4 

Vdc 

Collector Current — Continuous 

'C 

3 

Adc 

Total Power Dissipation @T/\ = 25°C 

Pd 

2 

Watt 

Derate above 25°C 


16 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 

10 

Watt 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

T J' T stg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Reistance, Junction to Case 

0 JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

0 JA 

62.5 

°c/w 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4!06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

m 

■EHil 




L 

■Kill 

■MM 



mm 

EH1 

WMM 

0.390 

ECU 

■31 


BE 9 

Biurciii 

e mm 

R 

1.07 

1.75 

0.042 

0.069 

T 


Em 




CASE 305-04 
TO-202AC ' 


4-406 




P 0 . OUTPUT POWER (WATTS) 


MDS1678 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 

Characteristic | Symbol | Min j Typ j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(! C - 10 mAdc, R0£ = 1 0 S7) 

BV C ER 

65 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 

Oe = 1 mAdc, lc = 0) 

b v ebo 

4 

~ 

— 

Vdc 

Collector Cutoff Current 
(V CB =30 Vdc. I E = 0) 

>CBO 

~ 

“ 

0.01 

mAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 

(l C = 500 mAdc, V c e = 5 Vdc) 

(l c = 1.5 Adc, V C £ = 5 Vdc) 



- 

- 

" 

Collector-Emitter Saturation Voltage 
( 1 q = 500 mAdc, l B = 50 mAdc) 



~ 

1 

Vdc 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V C b = 12 Vdc, l E = 0, f = 1 MHz) 

Cob 

~ 

~ 

45 

pF 

Current-Gain — Bandwidth Product 

(l c = 100 mAdc, V c e = 5 Vdc, f = 20 MHz) 

*T 

100 

' 


MHz 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 4 W, Vcc * 1 2 Vdc, f = 27 MHz) 

GpE 

10 


- 

dB 

Output Power 

(P in = 400 mW, V c c = 1 2 Vdc, f = 27 MHz) 

^out 

4 

— 

_ 


Collector Efficiency (3) 

(Pout “ 4 W, V CC = 1 2 Vdc, f = 27 MHz) 

n 

— 

70 

— ' 

% 

Percentage Up-Modulation (4) 

(f = 27 MHz) 

- 


85 

— 

% 


( 1 ) Pulsed through a 25 mH I nductor. 

(2) Pulse Test: Pulse Width < 300 jus. Duty Cycle < 2.0%. 

( 3 l ’)* n> |! wfV 100 

(VccMlc) 


(4) Percentage Up-Modulation is measured in the test circuit (Figure 3) by setting the Carrier Power (P c ) to 4 Watts with Vcc = 12 Vdc and 
noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver modulation 
(at a 25% duty cycle for thermal considerations) and raising the Vcc to 24 Vdc (to simulate the modulating voltage). Percentage Up- 
Modulation is then determined by the relation: 

Percentage Up-Modulation = 





10 14 13 22 26 


V CC , COLLECTOR SUPPLY VOLTAGE (VOLTS) 


Cl , C2 — 9.0-180 pF ARCO 463 or equivalent 
C3, C4 - 4.0-80 pF ARCO 462 or equivalent 
C5 — 0.02 juF ceramic disc 
C6 — 0.1 juF ceramic disc 

RFC1 — 4 turns #30 enameled wire wound on ferroxcube bead 
type 56-590-65/3B 

RFC2 — 26 Turns #22 enameled wire (2 layers — 13 turns each 
layer) 1/4” inner diameter 
LI — 0.22 juH moldod choke 
L2 — 0.68 pH molded choke 

FIGURE 3-27 MHz TEST CIRCUIT 



4-407 














MJ410 (SILICON) 

MJ411 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for medium to high voltage inverters, converters, 
regulators and switching circuits. 

• High Collector-Emitter Voltage — 

VCEO = 2 0° Volts -MJ410 
300 Volts -MJ411 

® DC Current Gain Specified @ 1 .0 and 2.5 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.8 Vdc @ \q = 1.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ410 

MJ411 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

300 . 

Vdc 

Collector-Base Voltage 

V CB 

200 

300 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Peak 


10 


Base Current 

■b 

2.0 

Adc 

Total Device Dissipation @Tc = 75°C 

Pd 

100 

Watts 

Derate above 75°C 


1.33 

w/°c 

Operating Junction Temperature Range 

Tj 

-65 to +150 

°c 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

0.75 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic ~| Symbol | Min | Max [ Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
Uc = 100 mAdc, lg = 0) 

MJ410 

MJ411 

v CEO(sus) 




Collector Cutoff Current 
<V CE =200 Vdc, lg = 0) 

MJ410 

•CEO 



9 

(V CE = 300 Vdc, lg = 0) 

MJ411 




■ 

Collector Cutoff Current 
(Vqe = 200 Vdc, V EB ( of f) = 1 .5 Vdc. 
T C = 125°C) 

MJ410 

•CEX 



HI 

( V C E = 300 Vdc, V E g (of f) - 1 .5 Vdc, 
T C = 125°C) 

MJ411 




■ 

Emitter Cutoff Current 
<V E g = 5.0 Vdc, l C = 0) 


- 


mAdc 


ON CHARACTERISTICS 


DC Current Gain 
(l C =1-0 Adc, V CE = 5.0 Vdc) 

(l C = 2.5 Adc. V C e = 5.0 Vdc) 

h F E 

30 

10 

90 


Collector-Emitter Saturation Voltage 
(IC= 10 Adc. Ig = 0.1 Adc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
<IC= 1.0 Adc, lg = 0.1 Adc) 

v BE(sat) 


1.2 

Vdc 


DYNAMIC CHARACTERISTICS 



hr 

mm 

_ 

MHz 

dC = 200 mAdc, Vqe = 10 Vdc, 





f- 1.0 MHz) 


■■ 




5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200-300 VOLTS 
100 WATTS 
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STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 
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CASE 11-01 

T 0-3 


4-408 
















Ic. COLLECTOR CURRENT (AMP) 



10 20 50 100 200 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 - DC CURRENT GAIN 
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IC, COLLECTOR CURRENT (AMP) 


VBE(sat) @ Ic/lB ^ 10 


Ban! 


r~ia 


VCE(sat)@lC/lB = 5 


FIGURE 4 -SUSTAINING VOLTAGE TEST LOAD LINE 


-VCEO(sus) IS ACCEPTABLE WHEN L_ 
Vc'E > RATED VCEO - AT Ic = 100 mA 
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MJ413 (SILICON) 


10 AMPERE 
POWER TRANSISTORS 
NPN SILICON 





B 

mi 

IBflflHl 

E3 

g 





Current-Gain — Bandwidth Product 
a c - 200 mAdc, V CB - lOVdc, 
f«1.0 MEs) 


(VPW 4 300 ms. Duty Cycle 4 2.0% 


4-410 












MJ413, MJ423, MJ431 


FIGURE 1 — ACTIVE-REGION SAFE-OPERATING AREA 


o.oi 



Tj «= 150°C 
0 L — SECONDARY BREAKDff.YN LIMITATION 

E THERMAL LIMITATION AT T c = 25°C 

(BASE-EMITTER DISSIPATION IS 
I PERCEPTIBLE ABOVE l c — 5 AMP) 


Tbs Safe Operating Area Curves irxli- 
■ cate lc-V cl lumts bekwr which the de\ 
will i»t enter secondary breakdown Col- 
- lector load lines for specific circuits must 
Z Nil within the applicable Safe Area to 
~ avoid causing a catastrophic failure To 
_ insure operation below the man mum T 
- power-temperature derating must be 
_ observed for both steady state and 
conditions 

J L. .1 .1 1.L 1 L1 


1.0 


4.0 6.0 


40 60 100 200 400 1000 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 3 - SUSTAINING VOLTAGE TEST LOAD LIME 



FIGURE 5 -CURRENT GAIN 



lc COLLECTOR CURRENT (AMP) 


l c , COLLECTOR CURRENT (AMPS) _ P D POWER DISSIPATION (WATTS) 


FIGURE 2 - POWER-TEMPERATURE DERATING CURVE 



FIGURE 4 -SUSTAINING VOLTAGE TEST CIRCUIT 


50 mHy 



FIGURE 6 -TRANSCONDUCTAMCE 
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Vcs EASE-EMITTER VOLTAGE (VOLTS) 



IVIJOUZ (SILICON) 


HIGH-POWER NPN SILICON TRANSISTOR 


... for use as an output device in complementary audio amplifiers to 
100-Watts music power per channel. 


30 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

100 VOLTS 
200 WATTS 



• High DC Current Gain - hFE = 25-100 @ Iq = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the PNP MJ4502 




MAXIMUM RATINGS 
































Ic, COLLECTOR CURRENT (AMP) h FE , NORMALIZED CURRENT GAIN 


MJ802 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ^ 

bv cer 

100 

_ 

Vdc 

(Ic = 200 mAdc, R BE = 100 Ohms) 





Collector-Emitter Sustaining Voltage U) 

v CEO(sus) 

90 

_ 

Vdc 

(IC = 200 mAdc) 




Collector-Base Cutoff Current 

'CBO 



mAdc 

(V C B = 100 Vdc, l E = 0) 

- 

1.0 


(V C B = 100 Vdc, l E = 0. T c = 150°C) 


- 

5.0 


Emitter-Base Cutoff Current 

•ebo 

_ 

1.0 

mAdc 

(V B E = 4.0 Vdc, l c = 0) 





ON CHARACTERISTICS (1) 


DC Current Gain ID 

(l C = 7.5Adc, V C E = 2.0 Vdc) 

hFE 

25 

100 

- 

Base-Emitter "On" Voltage 

(l C = 7.5 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.3 

Vdc 

Collector-Emitter Saturation Voltage 
(l C = 7.5 Adc. I R = 0.75 Adc) 

v CE(sat) 

~ 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

fT 

2.0 

_ 

MHz 

(l C = 1-0 Adc, V CE = 10 Vdc, f = 1.0 MHz) 






( 1 ) 

Pulse Test: Pulse Widths 300 /is. Duty Cycle ^2.0%. 


FIGURE 2 - DC CURRENT GAIN 

3.0 

2.0 


1.0 — — ^ 

o.3 — — 

0.2 — -1 I - 1 - 1 1 1 -1 111 — | — j - |-| — 

Data shown is obtained from pulse tests 

and adjusted to nullify effect of I CB0- ~ """ 

m l 111111 I I 11 I 1 Mill 1 I I 1 1 I 1 1111 CS 
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IC, COLLECTOR CURRENT (AMP) 
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FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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MJ900, MJ901 PNP (SILICON) 
Mi 1000, MJ1001 NPN 


MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

. . . for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain — hp£ = 6000 (Typ) @ Iq = 3.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


8.0 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
90 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ900 

MJ1000 

MJ901 

MJ1001 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V C B 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

>C 

8.0 

Adc 

Basie Current 

*B 

0 

.1 

Adc 

Total Device Dissipation @Tc = 25°C 

p D 

90 

Watts 

Derate above 25°C 


0.515 

W/°C 

Operating and Storage Junction 

T J< T stg 

-55 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


FIGURE 1 - DARLINGTON CIRCUIT SCHEMATIC 




Characteristic 

Symbol 

Mas 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.94 

°C/W 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 
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CASE 11-01 
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MJ900, MJ901 PNP/MJ1000, MJ1001 l\lPi\! 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 

| Characteristic | Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 B^CEO 

(1C ■* 100 mA.dc, l B = 01 MJ900, MJ1000 

MJ901, MJ1001 

Collector Emitter Leakage Current . •CER 

(V CB = 60Vdc, R BE = 1.0 k ohm) MJ900, MJ1000 

(Vq B - 80 Vdc, R BE = 1 .0 k ohm) MJ901, MJ1001 

(V CB = 60 Vdc, R be = 1.0 k ohm, Tq = 150°C) MJ900. MJ1000 
(V CB = 80Vdc, R be = 1.0 k ohm, T C = 150°C) MJ901, MJ1001 

Emitter Cutoff Current 'EBO 

(V BE = 5.0Vdc, l c = 0) 



Collector-Emitter Leakage Current 
<V CE = 30 Vdc, l B = 0) MJ900, MJ1000 

(V C E = 40 Vdc, l B = 0) MJ901, MJ1001 

>CEO 

- 

500 

500 

juAdc 

ON CHARACTERISTICS 

DC Current Gain(1) 

hFE 



- 

(l C = 3.0 Adc, V C E = 3.0 Vdc) 


1000 

- 


(l C = 4.0Adc, V C E = 3.0 Vdc) 


750 



Collector-Emitter Saturation Voltage! D 

Vce (sat) 



Vdc 

(l c - 3.0 Adc, l B = 12 mAdc) 


- 

2.0 


Oc = 8.0 Adc, l B = 40 mAdc) 


~ 

4.0 


Base-Emitter Voltage! 1) 

V BE 

- 

2.5 

Vdc 

Oc = 3.0 Adc, Vce = 3.0 Vdc) 





DPulse Test: Pulse Width <300 ms. Duty Cycle< 2.0%. 





FIGURE 2-DC CURRENT GAIN 


FIGURE 3- 

-SMALL-SIGNAL CURRENT GAIN 









MJ2500, MJ2501 PNP (SILICON) 
MJ3000, MJ3001 NPN 















MJ2500, MJ2501 PIMP/MJ3000, MJ3001 NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

j Characteristic | Symbol | Min | Max ) Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(l c = 100 rnAdc. 1 B = O) 

MJ2500, MJ3000 

MJ2501. MJ3001 

bvceo 

60 

80 

- 

Vdc 

Collector Emitter Leakage Current 


*CER 



rnAdc 

(Vcb = 60 Vdc, RbE = 10k ohm) 

MJ2500, MJ3000 


- 

1.0 


(V C b = 80 Vdc, R BE = 1 .0 k ohm) 

MJ2501, MJ3001 


- 

1.0 


(Vcb = 60 Vdc, r BE = 10k ohm, Tc = 150°C) 

MJ2500, MJ3000 


- 

50 


(Vcb = 80 Vdc, R BE = 1 .0 k ohm, T c = 150°C) 

MJ2501, MJ3001 


- 

5.0 


Emitter Cutoff Current 


'EBO 

- 

2 0 

mAdc 

(V B e = 5.0 Vdc, lc = 0) 






Collector-Emitter Leakage Current 


*CEO 



rnAdc 

(V C E = 30 Vdc, l B = 0) 

MJ2500, MJ3000 


- 

1.0 


(V C E - 40 Vdc, l B = 0) 

MJ2501, MJ3001 



1.0 



ON CHARACTERISTICS (1) 


DC Current Gam 
(l c = 5.0 Adc, V C E = 3.0 Vdc) 

h FE 

1000 

“ 

~ 

Collector-Emitter Saturation Voltage 
(l c = 5.0 Adc, l B = 20 rnAdc) 

(1C = 10 Adc, l B = 50 rnAdc) 

VcE(sat) 

- 

2.0 

40 

Vdc 

Base-Emitter Voltage 
(l C = 5.0 Adc, V CE =3.0 Vdc) 

V BE 

- 

30 

Vdc 



(l)Pulse Test: Pulse Width ^300 ns, Duty Cycle <2 0%. 
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, I q, COLLECTOR CURRENT (AMP) 

FIGURE 4 - "ON” VOLTAGES 
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FIGURE 5 -DC SAFE OPERATING AREA 
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1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Iq— VCE limits °* t * ie transistor that 
must be observed for reliable operation; e.g. f the transistor must 


not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by secondary breakdown. 
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Ic, COLLECTOR CURRENT (AMP) hFE. DC CURRENT GAIN 


MJ3029, MJ3030 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic [ Symbol | Min | Max [ Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage! 1) 

(l c = 0.1 Adc, l B =0) 

MJ3029 

MJ3030 

v CEO(sus) 

250 

325 

: 

Vdc 

Collector Cutoff Current 


>CER 



mAdc 

(Vce = 500 Vdc, Rbe = 1 .5 k Ohms) 

MJ3029 


- 

1.0 


Collector Cutoff Current 


>CEX 



mAdc 

(Vce = 700 Vdc, VE0( o ff) * 1.5 Vdc) 

MJ3030 



2.0 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 0 3 Adc, V C E = 5.0 VdcUD 

MJ3029 

hpE 1 

25 

. 

- 

ll C = 0.4 Adc, V C e = 5-0 Vdc)(1) 

MJ3029 

h FE2 

30 



Gain Linearity 

MJ3029 

h FE2 
h FE 1 

0.95 

- 


Collector-Emitter Saturation Voltage 
(1^3.0 Adc, l B = 0.8 Adc) 

MJ3030 

v CE(sat) 

- 

2.0 

Vdc 


SWITCHING CHARACTERISTICS 


Fall T ime 


If 

_ 

1.0 

MS 

(Vce = 50 Vdc, Ic = 3.0 Adc, l B j = 0.8 Adc) Figure 3 

MJ3030 






(l)Pulse Test: Pulse Width S 300 #is, Duty Cycle ^ 2.0%. 


FIGURE 2 - DC CURRENT GAIN FIGURE 3 - TEST FOR FALL TIME 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 


150 mF 



*HP 2 1 2A: Set for 1 0 ms wide pulses at 2000 pulses per sec. 
(500 us intervals). Adjust for Ibi = 0.8 A. 

Bias: Adjust to 1 .5 V on a VTVM across the 200 O Pot. 
T: Pulse Transformer: Motorola Part No. 25D68782A01. 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



10 20 30 50 70 100 200 325 500 700 1000 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based onTj( p |<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjfp^)^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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HIGH VOLTAGE SILICON POWER 
DARLINGTONS 

. . . developed for line operated amplifier, series pass and switching 
regulator applications. 


DARLINGTON 
10 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

300. 350 VOLTS 
175 WATTS 


Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 300 Vdc (Min) - MJ3040, MJ3041 
= 350 Vdc (Min) - MJ3042 
High DC Current Gain - 

hFE = 100 (Min) @ \q = 2.5 Adc - MJ3040 

= 250 (Min) @ Iq = 2.5 Adc - MJ3041, MJ3042 
Low Collector-Emitter Saturation Voltage - 
VcE(sat) = 2.2 Vdc (Max) @ lc = 2.5 Adc 
Monolithic Construction with Built-In 
Base-Emitter Shunt Resistors 



MAXIMUM RATINGS 

Rating 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 

- Peak (1) 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol MJ3040 MJ3041 MJ3042 
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MJ3040, MJ3041, MJ3042 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic | Symbol j Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 100 mAdc, l B = 0) 

MJ3040. MJ3041 

MJ3042 

VcEO(sus) 

300 

350 

- 

Vdc 

Collector Cutoff Current 


'CBO 



mAdc 

(V C B = 400 Vdc, l E = 0) 

MJ3040, MJ3041 


- 

1.0 


( Vcb = 500 Vdc, l E = 0) 

MJ3042 


- 

1.0 


(V C B = 400 Vdc, l E = 0. T C = 100°C) 

MJ3040, MJ3041 


- 

5.0 


(V CB = 500 Vdc. I E = 0, T C = 100°C) 

MJ3042 


- 

5.0 


Emitter Cutoff Current 


<EBO 



mAdc 

(V BE = 5.0 Vdc, l C = 0) 



- 

40 



ON CHARACTERISTICS 


DC Current Gain 

Oc = 2.5 Adc, Vq E = 5.0 Vdc) MJ3040 

MJ3041, MJ3042 

OC = 5.0 Adc, V CE = 5.0 Vdc) MJ3040 

MJ3041, MJ3042 

hpE 

100 

250 

25 

50 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

dC = 2.5 Adc, l B = 50 mAdc) 


- 

2.2 


(Iq = 5.0 Adc, l B = 400 mAdc) 


- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(1C = 5.0 Adc, l B = 400 mAdc) 


" 

3.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(«C = 2.5 Adc, V C E = 5.0 Vdc) 


- 

2.5 



FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 



VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor - average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 1 is based on Tj( p j<) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 


FIGURE 2 - DC CURRENT GAIN 
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MJ4030, MJ4031, MJ4032 PNP/MJ4033, MJ4034, MJ4035 NiPlNl 


ELECTRICAL CHARACTERISTICS (T c - 25°C u 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! D 

(l c = lOOmAdc, l B ’0) M 


(l c = 100 mAdc, l B •* 0) MJ4030, MJ4033 

MJ4031, MJ4034 

MJ4032. MJ4035 

Collector Emitter Leakage Current 
{V ca = 60 Vdc, R BE = 1 .0 k ohm) MJ4030, MJ4033 

(V C B = 80Vdc, R be = 1 0 k ohm) MJ4031, MJ4034 

< Vcb = 100 Vdc, R BE = 1 .0 k ohm) MJ4032. MJ4025 

(Vqb = 60 Vdc, R BE = 1.0 k ohm, Tq = 150°C) MJ4030, MJ4033 

(VCB * 80 Vdc, R BE = 1 .0 k ohm, Tq = 150°C) MJ4031, MJ4034 

(V C B = 1 00 Vdc, R BE = 1 .0 k ohm, Tc = 1 50°C) MJ4032. MJ4035 


emitter Cutoff Current 


Collector-Emitter Leakage Current 
(V C E = 30 Vdc, Ib = 0) MJ4030, MJ4033 

(V CE = 40 Vdc, l B = 0) MJ4031, MJ4034 

(V CE = 50 Vdc, l B = 0) MJ4032, MJ4035 

'CEO 

- 

3.0 

3.0 

30 

mAdc 

ON CHARACTERISTICS!!) 

DC Current Gain 
(IC = 10 Adc, V C E = 3.0 Vdc) 

h FE 

1000 

- 


Collector-Emitter Saturation Voltage 
(Iq = 10 Adc, 1 B = 40 mAdc) 
dC= 16 Adc, lg = 80 mAdc) 

VCE(sat) 

_ 

25 

4.0 

Vdc 

Base-Emitter Voltage 

(l c = 10 Adc, V C E = 3 0 Vdc) 

V BE 

- 

3.0 

Vdc 

(l)Pulse Test: Pulse Width <i 300 /ns, Duty Cycle ^2.0%. 

FIGURE 2 -DC CURRENT GAIN 


FIGURE 3 

-SMALL-SIGNAL CURRENT GAIN 
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VCE = 3.0 Vdc 
I !c = 10 Adc 


In. COLLECTOR CURRENT (AMP) 


f, FREQUENCY (Hi) 


FIGURE 4 - "ON" VOLTAGES 


FIGURE 5 -DC SAFE OPERATING AREA 


■■■Ml 

■Siiiiui 


VBE(sat)@IC/lB = 250 


IWZk 


■1^5^====;:::: 


f- VcE(sat) @ IC/lB = 250 4- 




MJ4030, MJ4033 


MJ4031, MJ4034 


MJ4032, MJ4035 


-SECONDARY BREAKDOWN LIMITATION 
-THERMAL LIMITATION © Tq = 25°C 
-BONDING WIRE LIMITATION I 




!■([{ 


Ic. COLLECTOR CURRENT (AMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate lc~ v CE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. 














Pq, POWER DISSIPATION (WATTS) 









Ic, COLLECTOR CURRENT (AMP) hRE, NORMALIZED CURRENT GAIN 


MJ4502 


ELECTRICAL CHARACTERISTICS (To » 25°C unless otherwise noted) 

Characteristic { Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 1 * 

(Ic = 200 mAdc, R BE = 100 Ohms) 

bv C er 

100 

- 

Vdc 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 

90 

_ 

Vdc 

(IC - 200 mAdc) 





Collector-Base Cutoff Current 

'CBO 



mAdc 

(V C b = 100 Vdc, l E = 0) 


- 

1.0 


(V C b = 100 Vdc, l E = 0, T C - 150°C) 


- 

5.0 


Emitter-Base Cutoff Current 

•ebo 

_ 

1.0 

mAdc 

(V B e = 4.0 Vdc, l c = 0) 






ON CHARACTERISTICS 


DC Current Gain 

(l c = 7.5 Adc, V CE = 2.0 Vdc) 

h FE 

25 

100 

- 

Base-Emitter "On" Voltage 

(l c = 7.5 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.3 

Vdc 

CoUector-Emitter Saturation Voltage 

0c = 7.5 Adc, Ir = 0.75 Adc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 


1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

fT 

2.0 

_ 

MHz 

(IC = 10 Adc. V C E = 10 Vdc, f = 1.0 MHz) 






(1) Pulse Test: Pulse Widths 300 /is. Duty Cycle 2.0%. 



'0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 


IC, COLLECTOR CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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MJ4645 (silicon) 
thru 
MJ4647 


PNP SILICON POWER TRANSISTORS 

. . . designed for high-voltage amplifier and saturated switching 
applications at collector currents to one Ampere. Ideally suited for 
applications of dc-to-dc converters, relay and hammer drivers, motor 
controls, and servo and pulse amplifiers. High-voltage ratings permit 
direct -line operation. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = < 1.5 Vdc (Max) @10 = 500 mAdc 

® High Collector-Emitter Breakdown Voltage — 

BVcEO = 200, 300, and 400 Vdc (Min) 

o DC Current Gain Specified — 10 mAdc to 500 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ4645 

MJ4646 

MJ4647 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

300 

400 

Vdc 

Collector-Base Voltage 

V CB 

200 

300 

400 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current - Continuous 

Peak 

<C 

0.5 

1 0 

Adc 

Total Device Dissipation @ T q = 25°C 

PD 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J T stg 

-65 to +200 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

W JC 

35 

°C/W 


1.0 AMPERE 
POWER TRANSISTORS 
PNP SILICON 
200-300-400 VOLTS 
5 WATTS 




ill 

— i 


1 

fj 


JI 


— -Jl— D 



STYLE 1 

G PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES j 

MIN 

MAX 

MIN 

MAX | 

A 




lilFfll 

B 

M-MW 

bhm 

EBB 

Etfcrftfcl 

C 


wmm 



0 

HfiM 


mm 


E 


FfEM 


mEEM 

F 

msm 

EBBa 

mm 


G 


MKlcJ 

■tIKIil 

■ifriliU 

H 

mn 

UiTiTTl 

■iiivn 

be a 

J 

WEsm 

nsai 



\MM 


WBM 

Idlulil 

EBH 

n 




■1 

M 


45° N0M 

P 

WBMME5M 

■BEEMil 

HQ9 

90° N0M 

90° N0M 

L_r 

Kim 



All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 " 
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MJ4645 thru MJ4647 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 





Vdc 

(Iq = 10 mAdc, l B = 0) MJ4645 



- 

- 


MJ4646 


300 

- 

- 


1 MJ4647 


400 

- 

- 


Collector-Base Breakdown Voltage 

BVq B q 




Vdc 

(l C = 100 M Adc, l E = 0) MJ4645 


200 

- 

- 


MJ4646 


300 

- 

- 


MJ4647 


400 

— 

— 


Emitter-Base Breakdown Voltage 

bv E bo 

5.0 

- 

- 

Vdc 

(l E = 100 M Adc. I C = 0) 






Collector Cutoff Current 

•CEX 

- 

- 

10 

pAdc 

(V CE = 200 Vdc, V BE ( off ) = 0.5 Vdc) 







ON CHARACTERISTICS 


DC Current Gain 
(Iq = 10 mAdc, V CE = 10 Vdc) 

(l c = 100 mAdc, V C E = 10 Vdc) ( 1) 

(l c = 500 mAdc, Vq E = 10 Vdc) (1) 

h FE 

20 

25 

20 

- 

r 


Collector-Emitter Saturation Voltage 





Vdc 

(Iq = 500 mAdc, l B = 100 mAdc) MJ4645 


- 

0.5 

1.0 


MJ4646 


- 

0.6 

1.2 


MJ4647 


- 

0.75 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(Iq = 70 mAdc, Vq E = 20 Vdc, f = 20 MHz) MJ4645, MJ4646 

MJ4647, 

h 

40 

30 

- 

- 

MHz 

Output Capacitance 

Cob 




pF 

(V CB = 20 Vdc, l E = 0, f = 100 kHz) 






B MJ4645 


- 

- 

80 


MJ4646, MJ4647 


- 

- 

60 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 100 Vdc, Iq = 500 mAdc, 

I B 1 = 50 mAdc, V BE ( 0 ff) = 5.0 Vdc) 

td 

- 

_ 

100 

ns 

Rise Time 

tr 

~ 

- 

100 

ns 

Turn-Off 

Time 

(Vcc = 100 Vdc, Iq = 500 mAdc, 

1 B 1 = 1 b 2 = SC mAdc, Pulse Width = 1.0 ms) 

toff 

- 

- 

720 

ns 


( 1 ) Pulse Test: Pulse Width < 300 fis. Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 1000 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vq E limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 2 is based on T j( p k) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p k) ^ 200°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed 
by second breakdown. 
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Po, POWER DISSIPATION (WATTS) 


7 AMPERE 

POWER TRANSISTORS 
PNP SILICON 



| glTOBlR1TniniTS^IilTi^ | 


All JEDEC dimensions and notes apply 
Collector isolated from case. 











MJ6700 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ^ 

(l C = 50 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

Vdc 

Collector Cutoff Current 
(V C E = 55 Vdc, l B = 0) 

•CEO 

- 

100 

MAdc 

"Collector Cutoff Current 

(V C E = 55 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

'CEX 

- 

10 

pAdc 

(V C E = 55 Vdc, V BE < of f) = 1.5 Vdc, T C = 150°C) 


- 

1.0 

mAdc 

Collector Cutoff Current 
(Vcb = 60Vdc,l E = 0) 

! CBO 

- 

10 

txAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, lc = 0) 

! ebo 

_ 

100 

MAdc 


ON CHARACTERISTICS m 


DC Current Gain 

(l C = 500 mAdc, V C £ = 2.0 Vdc) 

(l C = 2.0 Adc, V C E = 2.0 Vdc) 

(l C = 5.0 Adc, V C E = 2.0 Vdc) 

hpE 

25 

25 

15 

180 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 2.0 Adc, l B = 0.2 Adc) 


- 

0.7 


(l C = 7.0 Adc, l B = 0.7 Adc) 


- 

1.2 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 


- 

1.2 


(l C = 7.0 Adc, l B = 0.7 Adc) 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

OC = 500 mAdc, V C £ = 10 Vdc, f = 10 MHz) 

*T 

30 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

0ob 

_ 

300 

pF 

Input Capacitance 

(V B e = 2.0 Vdc, lc = 0, f = 100 kHz) 

Gib 

_ 

1250 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vqc = 40 Vdc, V BE ( 0 ff) =’^0 Vdc, 

1C = 2.0 Adc, I B1 = 200 mAdc) 

td 

- 

100 

ns 

Rise Time 

tr 

- 

100 

ns 


(V CC = 40 Vdc, l C = 2.0 Adc, 

l B i = l B 2 = 200 mAdc) 

ts 

- 

1.0 

MS 


tf 

- 

150 



HI Pulse Test: Pulse Width = 300^5, Duty Cycle = 2.0% 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 3 - SWITCHING TIME TEST CIRCUIT 



The Safe Operating Area Curves 
indicate Iq - ^CE limits bfelow 
which the device will not enter 
secondary breakdown. Collec- 
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
Tj, power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 


INPUT PULSE 
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MJ8100 (SILICON) 



MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 1.2 Vdc (Max) @ \q = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space-Limited 

Applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 


Collector-Emitter Voltage 

BBfl 

60 

Vdc 

Collector-Base Voltage 

HI 

60 

IBISiBI 

Emitter-Base Voltage 

VEB 

5.0 


Collector Current — Continuous 

'C 

5.0 

Adc 

Base Current 

>B 

1.0 

Adc 

Total Device Dissipation @Tc = 25°C 

Pd 

10 

Watts 

Derate above 25°C 

57.2 

mW/°C 

Operating and Storage Junction 

T J* T stg 

-65 to +200 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

17.5 

°C/W 



5 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

60 VOLTS 
10 WATTS 




BH 


■na 

Bzm 

IAEFB 

Mmm 

JEJ2M\ 

mm 

■:1:W 


■ilMi 

eksb 

n 

mum 



EEE1 

BEB 

HftlB 

w*m 

■iWm 


BIB 

■ilCTiHK 

■HHtKl 

EMU 

EMI 

u 

■ilTOil 

m*vm 

■nmn 

jiWH-K 

m 

■»gr»n 


Mim* 

mmm 

mm 

BIEEB 



eeqi 

kb 

■inn 


■Ml 

EEEH 


E9E1 

mm 

■iMW 

EMil 

■OK 

pub 

be 


bbb 

■B 

mtem 

be 

EMU 

Bi 


keseecbk 

bmmbi 

KB 

I^MKESB 

— giTiW 

KOI 

HUB 

HHB 

BOB 

EHBBE10 

EKESB^B 


All JEDEC dimensionsand notes apply. 

CASE 79-02 
TO-39 
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Ic. COLLECTOR CURRENT (AMPS) 


MJ8100 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage *** 

(l C - 50 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

Vdc 

Collector Cutoff Current 
(V CE = 55 Vdc, l B = 0) 

•CEO 

- 

100 

MAdc 

Collector Cutoff Current 

(V C E = 55 Vdc. V BE (off) = 1.5 Vdc) 

! cex 

- 

10 

/uAdc 

(V C E = 55 Vdc. V BE ( off ) = 1.5 Vdc. T C = 150°C) 


- 

1.0 

mAdc 

Collector Cutoff Current 
(Vcb = 50 V, l E = 0) 

'CBO 

- 

10 


Emitter Cutoff Current 
(V BE = 5.0 Vdc. I C = 0) 

'EBO 

- 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(1 c = 500 mAdc, V CE = 2.0 Vdc) 

(l C = 2.0 Adc. V CE = 2.0 Vdc) 

(l c = 5.0 Adc, V C E = 2.0 Vdc) 

hpE 

25 

25 

15 

180 


Collector-Emitter Saturation Voltage 




1 

(l C = 2.0 Adc, l B = 0.2 Adc) 


- 


■ 

(l C = 5.0 Adc, l B = 0.5 Adc) 


- 

BBKsBi 

HHhI 

Base-Emitter Saturation Voltage 



IPS 

■ 

(l c = 2.0 Adc. I B = 0.2 Adc) 


- 


1 

(l C = 5.0 Adc, l B = 0.5 Adc) 


- 

wtm 

■jorryfii 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 0.5 Adc, V CE = 10 Vdc, f = 10 MHz) 

it 

30 

- 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 


pF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

c ib 

- 


pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V cc = 40 Vdc, V BE ( 0 ff) = 4.0 Vdc, 
l c = 2.0 Adc, I B1 = 0.2 Adc) 

td 

- 

100 

ns 

Rise Time 

*r 

- 

100 

ns 

Storage Time 

(V C C " 40 Vdc, lc = 2.0 Adc, 

I B 1 = *B2 = 0.2 Adc) 

t S 

- 

1.0 

MS 

Fall Time 

tf 

- 

150 

ns 


Pulse Test: Pulse Width ^ 300 /us, Duty Cycle £ 2.0% 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 3 - SWITCHING TIME TEST CIRCUIT 


The Safe Operating Area Curves 
indicate lc~ ^CE Hmits below 
which the device will not enter 
secondary breakdown. Collec- 
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
Tj, power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 
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Designers 


Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10000 and MJ10001 darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line 
operated switch-mode applications such as: 


• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times With Inductive Loads — 
210 ns Inductive FalJ Time (Typ) 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
175 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most' circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 



Rating 

Symbol 

Collector-Emitter Voltage 

v CEO(sus) 

Collector-Emitter Voltage 

v CEX(sus) 

Collector-Emitter Voltage 

V CEV 

Emitter Base Voltage 

CO 

111 

> 

Collector Current — Continuous 

•c 

— Peak (1) 

'CM 

Base Current — Continuous 

>B 

-Peak (1) 

•bm 

Total Power Dissipation @ Tq = 25°C 
@T C = 100°C 

Derate above 25°C 

p D 

Operating and Storage Junction 
Temperature Range 

T J- T stg 


MJ10000 


350 


400 


450 



Vdc 

II 

Vdc 

\mmw 

Vdc 


Adc 

Adc 

1 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/8“ from Case for 5 Seconds 


(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 
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MJ10000, MJ 10001 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted). . 

| Characteristic 1 Symbol [ Min | Typ | Max | Uni7 

OFF CHARACTERISTICS (2) 


Collector-Emitter Sustaining Voltage (Table 1) 

Oc = 250 mA, l B = 0, V c | amp = Rated Vceo) MJ10000 

MJ10001 

v CEO(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 






1C = 2 A, V damp = Rated V CEX . T C = 1 00°C MJ1 0000 




B lit 


MJ10001 



■ H | 

■— | 


l C = 10 A. V damp = Rated V CEX< T c = 100°C MJ10000 




HI 


MJ10001 



" ■■■' 



Collector Cutoff Current 




■ 


(VcEV = Rated Value, V BE ( 0 ff) = 1 .5 Vdc) 


- 

- 

■ 

3BjeKS|H 

(V C EV = Rated Value, V BE ( off ) = 1.5 Vdc, T C = 150°C) 


- 

- 

B 


Collector Cutoff Current 


- 

- 

5 

mzxam 

(V C E = Rated V CEV> R BE = 50 H, T C = 100°C) 





■ 

Emitter Cutoff Current 

*EBO 

- 

- 

150 

mAdc 

(V EB = 8 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 1 

Adc 


ON CHARACTERISTICS (2) 


DC Current Gain 

(Iq = 5 Adc, Vce = 5 Vdc) 

(*C = 10Adc, VcE = 5 Vdc) 



- 

600 

400 


Collector-Emitter Saturation Voltage 





Vdc 

(I C = 10 Adc, l B = 400 mAdc) 


- 




(l C = 20 Adc, l B = 1 Adc) 


- 

■ 



(l c = 10 Adc, l B = 400 mAdc, T c = 100°C) 


- 


B 


Base-Emitter Saturation Voltage 

VBE(sat) 

■ 

■ 

■ ■ 

Vdc 

(IC = 10 Adc, l B = 400 mAdc) 


^1 '' 

1 



(l C = 10 Adc, l B = 400 mAdc, T C = 100°C) 


ifrmW 


Hi 


Diode Forward Voltage (1) 

Vf 

_ 

3 

5 

Vdc 

(l F = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l C = 1.0 Adc, V CE = 10 Vdc, f test = 1 MHz) 

Ihfel 

10 


- 

- 

Output Capacitance 

(Vcb “ 10 Vdc, l E = 0, ftest = 100 kHz) 

c ob 

100 


325 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) ( 

Delay Time 



■I 



■MHj 


(Vce = 250 Vdc, l c = 10 A, 






Rise Time 

Iri = 400 mA, V RF(off ) = 5 Vdc, t p = 50 ms. 

■ 

■ 



1 

Storage Time 

Duty Cycle < 2%). 






Fall Time 


' n 

Bh 




Inductive Load, Clamped (Table 1 ) 

Storage Time 

(Iq = 10 A(pk), V damp = Rated VceX- 1 B1 = 400 mA « 

x sv 

- 

3.5 

5.5 

MS 

Crossover Time 

VBE(off) = 5Vdc. T C = 100°C) 

x c 

- 

1.5 

3.7 

MS 

Storage Time 

(lc = 10 A(pk), V damp = Rated Vcex« • B1 = 400 mA » 

B 

~ 


_ 


Crossover Time 

' V QE(off ) = 5 Vdc, T c = 25°C) 


- 


- 



(1) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp ir^fuctive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 
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Ic, COLLECTOR CURRENT (pA) V, VOLTAGE (VOLTS) 2 hFE.OC CURRENT GAIN 


MJIOOOG, MJIOOOI 


DC CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 



FIGURE 2 - COLLECTOR SATURATION REGION 



> 1 


0.02 0.03 0.05 0.07 0.1 0.2 0:3 0.5 0.7 1 

IB. BASE CURRENT (AMP) 


GURE 3 - COLLECTOR EMMITTER SATURATION VOLTAGES FIGURE 4 - BASE-EMITTER VOLTAGE 









MJ10000, MJ10001 



SWITCHING TIMES NOTE 



TIME 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I B1 to 10% V c | amp 
t^ = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10—2% Iq 
t c = Crossover Time, 10% V c | amp to 10% Iq 
A n enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10000, MJ10001 


SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

p SWT = 1/2 Vcc'C^c) f 


In general, t n 


However, at lower 


test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 


FIGURE 9 - TURN-OFF TIME 


-VBE(off) = 5 V — 
Vcc = 250 V 

IC/lB = 25 

— — Tj = 25°C- 



VBF(off) = 5V 

t Vcc = 250 V 
IC/lB * 25 


1C, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


- THERMAL RESPONSE 


■SSSSiiilll 




ZZmmrnmtz 



tTLTL 


DUTY CYCLE, D = t]/t2 


ZflJC(t) = r <») R 0JC 
RflJC = 1°C/WMax 

0 CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME ATq 

Tj(pk)-Tc s P(pk).Z0JC(t) 





MJ 10000, MJ10001 


The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for those devices under tho tost conditions shown. 


FIGURE 11 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE *32 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ v CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tc = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vqex(sus) at a 9' ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



Tc, CASS TEMPERATURE {°P 
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SWiTCHMODE SERIES 

NP N SILICON POWER DARLINGTON TRANSISTORS 

The MJ 10002 and MJ 10003 darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line 
operated switch-mode applications such as: 

o Switching Regulators 
o. Inverters 

o Solenoid and Relay Drivers 
o Motor Controls 
Q Deflection Circuits 


100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads — 
140 ns Inductive Fall Time (Typ) 
Saturation Voltages 
Leakage Currents 



10 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
150 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10002 

MJ10003 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

VcEX(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

VcEV 

450 

500 

Vdc 

Emitter Base Voltage 

V EB 

8 

Vdc 

Collector Current — Continuous 

■c 



10 


Adc 

— Peak (1 ) 

•cm 


20 



Base Current — Continuous 

•b 


2.5 


Adc 

- Peak (1) 

•bm 



5 



Total Power Dissipation @ Tq = 25°C 

p D 


150 


Watts 

@ T c = 100°C 




100 



Derate above 25°C 




0.86 


W/°C 

Operating and Storage Junction 

TjTstg 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P*0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 


°c 

Purposes: 1/8“ from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 



PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

G.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
TO -3 
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MJ10002, MJ10003 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 

| Characteristic j Symbol | Min | Typ j Max ] Unit 


OFF CHARACTERISTICS (2) 


Collector-Emitter Sustaining Voltage (Table 1) 

(1C = 250 mA, l B = 0, V c | amp = Rated Vceo) MJ10002 

MJ 10003 

v CEO(sus) 

350 

400 

■1 

■1 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 

v CEX(sus) 




Vdc 

(l C 13 1 A, V c | amp = Rated V C EX. T c = 100°C) MJ10002 



- 

- 


MJ 10003 


mSM 

- 

- 


(I C = 5 A, V c | amp = Rated V C EX, T C = 100°C) MJ10002 



- 

- 


MJ10003 



- 

- 


Collector Cutoff Current 

>CEV 

■ ■ 

■ 


mAdc 

(VcEV = Rated Value, V BE (off ) = 15 Vd c) 



B 



< V CEV 11 Rated Value, V BE ( 0 ff) = 1.5 Vdc, Tq = 150°C) 


1 ■■ 

1 



Collector Cutoff Current 

icer 

- 

- 

5 


(V C E = Rated V CEV , RbE = 50 fl. T c = 100°C) 





■ I 

Emitter Cutoff Current 

'ebo 

- 

_ 

175 


(V EB = 8 Vdc, |q = 0) 





■■■ 


SECOND BREAKDOWN 



1 Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 1 

Adc 


ON CHARACTERISTICS (2) 


DC Current Gain 

(I C = 2.5 Adc, V CE = 5 Vdc) 

(I C = 5 Adc, V CE = 5 Vdc) 


40 

30 

- 

500 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(I C = 5 Adc, l B = 250 mAdc) 


- 

- 

1.9 


(l c = 10 Adc, Ib = 1 Adc) 



- 

2.9 


(l C = 5 Adc, l B = 250 mAdc, T C = 100°C) 


- 

- 

2 


Base-Emitter Saturation Voltage 



■| WM 

■ ■ 

Vdc 

(lc = 5 Adc, l B = 250 mAdc) 


- 

|H s 

B 


(I C = 5 Adc, l B = 250 mAdc, T c = 100°C) 


- 

B 

KEfl 


Diode Forward Voltage (1) 

V f 

_ 

3 

5 

Vdc 

(l F =5.0 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(IC = 1 Adc, V C e = 10 Vdc, f test = 1 MHz) 

1 hf e | 

10 

- 

- 

- 

Output Capacitance 

(Vcb -50 Vdc, lc = 0, f test = 100 kHz) 

Cob 

60 

— 

275 

PF 


SWITCHING CHARACTERISTICS 


[ Resistive Load (Table 1) f 

j Delay Time 

(Vcc ~ 250 Vdc, lc ~ 5 A, 

I B 1 = 250 mA, V BE ( 0 ff) = 5 Vdc, t p = 50 ms. 

Duty Cycle < 2.0%). 

*d 

- 

0.05 

0.2 

MS 

liB.' Jj-'~ 

tr 

- 

0.25 

0.6 

MS 

Storage Time 

ts 

- 

1.2 

3.0 

MS 

Fall Time 


tf 

- 

0.6 

1.5 

MS 

[ Inductive Load, Clamped (Table 1) 

Storage Time 

(IC =5 A(pk), V c | amp = Rated Vcex. *B1 = 250 mA, 

tsv 

- 

2.1 

5 

MS 

Crossover Time 

VBE(off) =5 Vdc,T c = 100°C) 

l C 

- 

1.3 

3.3 

MS 

Storage Time 

(IC =5 A(pk), V c | amp = Rated VcEX* *B1 = 250 mA, 

t sv 

- 

0.92 

- 

MS 

Crossover Time 

VBE(off) =5 Vdc,T C = 25°C) 

lc 

- 

0.5 

- 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown’ that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical 

fast recovery rectifiers. 

(2) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 
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MJ 10002, MJ10003 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t$v = Voltage Storage Time, 90% I b 1 t0 10% V c |amp 
t rv = Voltage Rise Time, 10—90% V c | am p 
tfj = Current Fall Time, 90—10% Iq 
tfj = Current Tail, 10—2% lc 
.t c = Crossover Time, 10% V c | am p to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 


4-441 




MJ10002, MJ10003 


SWITCHING TIME NOTES (continued) 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = 1/2 VcdC^c) f 
In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 

RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 




0.1 0.2 0.3 0.5 0.7 1 2 3 5 7 10 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 
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MJ10002, MJ10003 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: junction temperature and second break- 
down. Safe operating area curves indicate lc — VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as V CEX(sus) at a 9' ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



0 40 80 120 160 200 

TC. CASE TEMPERATURE (°C) 
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SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10004 and MJ10005 darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as: 

® Switching Regulators 
© Inverters 

© Solenoid and Relay Drivers 
© Motor Controls 
© Deflection Circuits 
Fast Turn-Off Times 

40 ns Inductive Fall Time — 25°C (Typ) 

650 ns Inductive Storage Time — 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10004 

MJ10005 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

v CEX{sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

450 

500 

Vdc 

Emitter Base Voltage 

< 

m 

03 

8 

Vdc 

Collector Current - Continuous 

•c 


20 


Adc 

- Peak (1) 

'CM 


30 



Base Current — Continuous 

•b 


2.5 


Adc 

— Peak (1 ) 

•bM 



5 



Total Power Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

@T C =100°C 




100 



Derate above 25°C 





1 


W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 


°C 

Temperature Range 








| THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 


275 


°c 

Purposes: 1/8" from Case for 5 Seconds 







(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10% 
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PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0 039 

0.043 

E 


3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10 67 

11.18 

0.420 

0.440 

H 

"5l3~ 

5.69 

0.210 

0.220 

J 

16.64 

17.15 

0.655 ! 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
TO-3 
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MJ 10004, MJ 10005 


ELECTRICAL CHARACTERISTICS <Tq = 25°C unless otherwise noted). 

Characteristic | Symbol | Min j Typ | Max | Unit 

OFF CHARACTERISTICS " ~~~ ~ t ~~~ ~~ ~ 


Collector-Emitter Sustaining Voltage (Table 1) 

(Iq = 250 mA. I B = 0. V c | amp = Rated Vq E q) MJ10004 

MJ 10005 

v CEO(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1, Figure 12) 

v CEX(sus) 




Vdc 

(l c = 2 A, V c , amp = Rated V C EX. T C = 100°C) MJ10004 


400 

- 

- 


MJ10005 


450 

- 

- 


(Iq = 10 A. V c , amp = Rated V CEX , T C = 100°C) MJ10Q04 


275 

- 

- 


MJ10005 


325 

- 

- 


Collector Cutoff Current 

>CEV 




mAdc 

(Vcev = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 


- 

- 

0.25 


(VcEV = Rated Value, V BE ( 0 ff) = 1 .5 Vdc. Tc = 150°C) 


- 

- 

5 


Collector Cutoff Current 

'CER 

- 

- 

b 

mAdc 

(V CE = Rated V CEV . RbE = 50 ft. T C = 100°C) 






Emitter Cutoff Current 

'EBO 

- 

- 

175 

mAdc 

(V EB = 2Vdc, I C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 11 

1 



ON CHARACTERISTICS (2) 


DC Current Gain 

(Iq = 5 Adc, V CE = 5 Vdc) 

<>C = 10 Adc, Vq E =5 Vdc) 

hpE 

50 

40 

- 

600 

400 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(Iq = 10 Adc, l B = 400 mAdc) 


- 

- 

1.9 


(Iq = 20 Adc, l B = 2 Adc) 


- 

- 

3 


(l c = 10 Adc. I B = 400 mAdc. Tq = 100°C) 


- 

- 

2 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 10 Adc, l B = 400 mAdc) 


- 

- 

2.5 


(Iq = 10 Adc, l B = 400 mAdc, Tq = 100°C) 


- 

- 

2.5 


Diode Forward Voltage (1) 

Vf 

- 

3 , 

5 

Vdc 

(l F = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(Iq = 1 Adc, V CE = 10 Vdc. f test = 1 MHz) 

1 hf e | 

10 

- 

- 

- 

Output Capacitance 

(Vq b = 10 Vdc. l£ = 0 . ftest = 100 kHz > 

^ob 

100 


325 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vqq = 250 Vdc. Iq = 10 A, 

I B 1 = 400 mA, V BE ( Q f f ) = 5 Vdc, t p = 50 PS. 

Duty Cycle < 2%). 

td 

- 

0.12 

0.2 

ps 

Rise Time 

tr 

- 

0.2 

0.6 

PS 

Storage Time 

ts 

- 

0.6 

1.5 

PS 

Fall Time 

tf 

- 

0.15 

0.5 

PS 

Inductive Load, Clamped (Table 1) 

Storage Time 

(Iq = 10 A(pk), V clamp = Rated V CEX . I B 1 = 400 mA, 
VBE(off) = 5Vdc,T c = 100°C) 

Isv 

- 

1.0 

2.5 

PS 

Crossover Time 

tc 

- 

0.4 

1.5 

PS 

Storage Time 

(Iq = 10 A(pk), V c | amp = Rated Vq E x . 1 B1 = 4 0° mA, 
^BE(off) = 5 Vdc, Tq = 25°C) 

tsv 

- 

0.65 

- 

PS 

Crossover Time 

tc 

- 

0.2 

- 

PS 


(1) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage jVf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 ps, Duty Cycle < 2%. 
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MJ10004, MJ10005 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 




FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


SWITCHING TIMES NOTE 



TIME 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% Igl to 10% V c | am p 
t rv = Voltage Rise Time, 10—90% V c | amp 
tfj = Current Fall Time, 90—10% lc 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | am p to 10% I c 
An enlarged portion of.the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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t, TIME (ms) 


MJ10004, MJ10005 


TYPICAL CHARACTERISTICS 

SWITCHING TIME NOTES (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = I/ 2 Vcc'cM f 

In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 




l c , COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 







MJ10004, MJ10005 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the' power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ v CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vqex( sus ) at a 9' ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 


FIGURE 13 - POWER DERATING 



Tc, CASE TEMPERATURE (°C) 
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MJ10006 

MJ10007 


Designeips Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10006 and MJ10007 darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 
® Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

30 ns Inductive Fall Time - 25°C (Typ) 

500 ns Inductive Storage Time - 25°C (Typ) ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



10 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
150 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10006 

MJ10007 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

v CEX(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

450 

500 

Vdc 

Emitter Base Voltage 

< 

m 

CO 

8 

Vdc 

Collector Current — Continuous 

! C 



10 



Adc 

- Peak (1) 

•cm 


20 




Base Current - Continuous 

•b 



2.5 


Adc 

— Pea k ( 1 ) 

•bm 


5 




Total Power Dissipation @ Tq = 25°C 

Pd 



150 


Watts 

@ T c = 100°C 




100 



Derate above 25°C 




0.86 


W/°C 

Operating and Storage Junction 

TjT stq 

-65 to +200 


°C 

Temperature Range 

_ 


_ 





(THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance. Junction to Case 

R 0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 


275 


°c 

Purposes: 1/8" from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 




DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

8 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

0 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to ci 
CASE 11 01 , 
TO -3 
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MJ10006, MJ 10007 


ELECTRICAL CHARACTERISTICS (Tq - 25°C unless otherwise noted). 

Charactoristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

He = 250 mA - 'B = 0. V c(amp = Rated V CEO ) MJ10006 

MJ10007 

v CEO(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 

v CEX(sus) 




Vdc 

(1C = 1 A, V damp = Rated V C EX' T C = 100°C) MJ10006 


400 

- 

- 


MJ10007 


450 

- 

- 


<I C = 5 A, V damp = Rated V CEX , T c = 100°C) MJ10006 


275 

- 

- 


MJ10007 


325 

— 

~ 


Collector Cutoff Current 

'CEV 




mAdc 

(Vcev = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 


- 

- 

0.25 


(V C EV = Rated Value, V BE(off ) = 1.5 Vdc, T c = 150°C) 


- 

- 

5 


Collector Cutoff Current 

'CER 

- 

- 

5 

mAdc 

(VCE = Rated V CEV , RbE = 50 n - T C = 100°C) 






Emitter Cutoff Current 

•ebo 

- 

- 

175 

mAdc 

(V EB = 2 Vdc, I C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased | ls/b | See Figure 1 1 


ON CHARACTERISTICS (2) 


DC Current Gain 

(l C = 2.5 Adc. V CE = 5 Vdc) 

(l c = 5 Adc, V CE = 5 Vdc) 

hpE 

40 

30 

- 

500 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 5 Adc, l B = 250 mAdc) 


- 

- 

1.9 


(l c = 10 Adc, l B = 1 Adc) 


- 

- 

2.9 


<I C = 5 Adc. I B = 250 mAdc, T C = 100°C) 


- 

- 

2 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 5 Adc, l B = 250 m Adc) 


' - 

- 

2.5 


(l c = 5 Adc, l B = 250 mAdc, T c = 100°C) 


- 

- 

2.5 


Diode Forward Voltage (1) 

Vf 


3 

5 

Vdc 

(1 P = 5 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l C = 1 Adc, V CE = 10 Vdc, f tes t = 1 MHz) 

1 hf e 1 

10 

- 

- 

- 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 100 kHz) 

^ob 

60 

“ 

275 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V C c = 250 Vdc, lc = 5 A, 

I B 1 = 250 mA, V BE ( 0 ff) = 5 Vdc, t p = 50 ms, 

Duty Cycle < 2.0%). 

td 

- 

0.05 

0.2 

MS 

Rise Time 

tr 

’ 

0.25 

0.6 

MS 

Storage Time 

t S 

- 

0.5 

1.5 

MS 

Fall Time 

tf 

- 

0.06 

0.5 

MS 

'Inductive Load, Clamped (Table 1) 

Storage Time 

(1C =5' A(pk), V damp = Rated VcEX- 1 B 1 = 250 mA, 
V B E(off) = 5 Vdc,T C = 100°C) 

isv 

- 

0.8 

2.0 

MS 

Crossover Time 

tc 

- 

0.6 

1.5 

MS 

Storage Time 

(1C =5 A(pk) , V damp = Rated VcEX. >B1 = 250 mA, 
VBE(off) = 5Vdc,T C = 25°C) 

tsv 

- 

0.5 

_ 

MS 

Crossover Time 

t c 

- 

0.3 

- 

MS 


(1 ) The internal Collector-to-Emittcr diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical 

fast recovery rectifiers. 

(2) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 
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Cob. OUTPUT CAPACITANCE (pF) V BE , BASE EMITTER VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 - COLLECTOR SATURATION REGION 
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1C. COLLECTOR CURRENT (AMP) 


FIGURE 6 - OUTPUT CAPACITANCE 
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MJ10006, MJ10007 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


SWITCHING TIMES NOTE 



In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | am p 
tfj = Current Fall Time, 90-10% lc 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 


4-453 




MJ10006, MJ10007 


TYPICAL CHARACTERISTICS 

SWITCHING TIME NOTES (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = 1/2 VcdC^c) f 

In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 2^C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 

RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 


FIGURE 9 - TURN-OFF TIME 
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FIGURE 10 - THERMAL RESPONSE 
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JV1J10006, MJ10007 


The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 


FIGURE 11 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 12 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



o 100 200 300 400 500 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 1 is based on Tq = 25°C, T j( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VcEX(sus) at a 9* ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



0 40 80 120 160 200 

Tc. CASE TEMPERATURE <°C) 
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MJ10008 

MJ10009 


Designers Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10008 and MJ10009 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper-^ 
ated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times ^100 

1.6 fis (max) Inductive Crossover Time — 10 A, 100°C 
3.5 (is (max) Inductive Storage Time — 10 A, 100°C 
Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: , 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

450 and 500 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10008 

MJ10009 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

450 

500 

Vdc 

Collector-Emitter Voltage 

v CEX<sus) 

450 

500 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

700 

Vdc 

Emitter Base Voltage 

V EB 

8 

Vdc 

Collector Current - Continuous 

'C 


20 


Adc 

- Peak (1) 

'CM 


30 



Base Current — Continuous 

i 

B 


2.5 


Adc 

- Peak (1) 

•bm 



5 



Total Power Dissipation @ T^ = 25°C 

Pd 


175 


Watts 

@ T C = 100°C 




100 



Derate above 25°C 





1 


W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 


275 


°C 

Purposes: 1/8" from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 




DIM 

MILLIMETERSl 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 


39 37 

. 

: 550 

B 

- 

21.08 


0 830 

C 

6 35 

7 62 

0 250 

0.300 

0 

1 0 99 

1.09 

0.039 

0 043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30 40 

1.177 

1.197 

G 

10 67 

11.18 

0.420 

0 440 

H 

5.33 

5.59 

0.210 

0 220 

J 

16.64 

17 15 

0.655 

0.675 

K 

11.18 

12 19 

0.440 

0 480 

Q 

3 84 

4.09 

0.151 

0 161 

R 

- 

26.67 

- 

1.050 


Collector connected to c 
CASE 11-01 
TO 3 
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MJ 10008, MJ10009 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 

Characteristic j Symbol | Min | Typ | Max | Unit 

OFF CHARACTERISTICS ~ “ 


Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 100 mA, Ib ■ 0, V c | amp ■ Rated Vceq) 

MJ10008 

MJ10009 

v CEO(sus) 

450 

500 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 

V CEX(sus) 




Vdc 

(1C ■ 2 A, V c | amp = Rated VcEX< T C = 100°C, 

MJ10008 


450 

- 

- 


VBE(off)-SV) 

MJ10009 


500 

- 

- 


(1C - 10 A, V clamp = Rated V CEX , T c = 1 00°C, 

MJ10008 


325 

- 

- 


v BE(off) =5 V) 

MJ10009 


375 

- 

- 


Collector Cutoff Current 


>CEV 




mAdc 

(Vcev = Rated Value, VBE(off) = 1-5 Vdc) 



- 

- 

0.25 


(Vcev = Rated Value, VBE(off) = T5 Vdc, Tc = 

150°C) 


- 

- 

5 


Collector Cutoff Current 


'CER 

- 

- 

b 

mAdc 

(V C E = Rated V C £V. RbE = 50 T C = 100°C) 







Emitter Cutoff Current 


*EBO 

- 

- 

175 

mAdc 

(V EB = 2 Vdc, l C = 0) 








SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

See Figure 1 1 



ON CHARACTERISTICS (2) 


DC Current Gain 

0c = 5 Adc, Vce ~ 5 Vdc) 

<'C = 10 Adc. Vce =5 Vdc) 

h FE 

40 

30 

- 

400 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(1C = 10 Adc, l B = 500 mAdc) 


- 

- 

2 


<I C = 20 Adc, l B 2 Adc) 


- 

- 

3.5 


(I C = 10 Adc, l B - 500 mAdc, Tc = 100°C) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(IC = 10 Adc, l B = 500 mAdc) 


- 

- 

2.5 


(IC = 10 Adc, l B = 500 mAdc, T c = 100°C) 


- 

- 

2.5 


Diode Forward Voltage ( 1 ) 

Vf 

- 

3 

5 

Vdc 

(Ip = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(IC = 1 Adc, V C e = 10 Vdc, f test = 1 MHz) 

1 hf e 1 

8 

- 

- 

~ 

Output Capacitance 

(Vc B = 10 Vdc, l£ = 0. f tes t = 100 kHz) 

c ob 

100 


325 

PF 


SWITCHING CHARACTERISTICS 


| Resistive Load (Table 1) j 

Delay Time 

(V cc = 250 Vdc. I C = 10 A, 

• b 1 " 500 m A, V BE ( 0 ff) = 5 Vdc, t p = 25 us 

Duty Cycle < 2%). 

td 

- 

0.12 

0.25 

us 

Rise Time 

V 

- 

0.5 

1.5 

us 

Storage Time 

t s 

- 

0.8 

2.0 

us 

Fall Time 

tf 

- 

0.2 

0.6 

us 

Inductive Load, Clamped (Table 1) 

Storage Time 

(I C = 10 A(pk), V damp = 250 V, I B1 = 500 mA, 
V B E(off) = 5Vdc, T C = 100°C) 

tsv 

- 

1.5 

3.5 

us 

Crossover Time 

x c 

- 

0.36 

1.6 

us 

Storage Time 

(l c = 10 A(pk), V clamp =250 V, I B1 = 500 mA, 
v BE(off) = 5 Vdc) 

Isv 

- 

0.8 

- 

us 

Crossover Time 

tc 

- 

0.18 

- 

us 


(1) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 us, Duty Cycle < 2%. 
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I c . COLLECTOR CURRENT foiA) y VOLTAGE (VOLTS) DC CURRENT GAIN 


MJ 10008, MJ10009 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 





MJ10008, MJ 10009 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 




TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I B1 to 10% V c |amp 

trv = Voltage Rise Time, 10—90% V c | am p 

tfj = Current Fall Time, 90—10% lc 

tti = Current Tail, 10-2% lc 

t c = Crossover Time, 10% V c | am p to 10% lc 

- continued - 


\ 
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MJ 10008, MJ10009 


TYPICAL CHARACTERISTICS 


SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = 1/2 Vcc*C(tc) f 

Typical inductive switching waveforms are shown in 
Figure 7. In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at Tc = 25°C and has become a 
benchmark for designers. However, for designers of 
high frequency converter circuits, the user oriented 
specifications which make this a "SWITCHMODE" 
transistor are the inductive switching speeds (t c and t sv ) 
which are guaranteed at Tc = 100°C. 

RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 


FIGURE 9 - TURN-OFF TIME 




iRlSMBI^BSEEEISBI 


l c , COLLECTOR CURRENT (AMP) 


l C , COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 


ETUI 



READ TIME AT q 
Tj(pk) - Tc = P(pk)Zfqc(t) 


2 5 10 20 50 

t, TIME (ms) 







MJ 10008, MJ10009 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc — VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vcex(sus) at a 9' ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. See Table 1 for circuit conditions. 


FIGURE 13 - POWER DERATING 



FIGURE 14 - REVERSE BASE CURRENT versus 
v BE(off) WITH NO EXTERNAL BASE RESISTANCE 
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Advance Information 


DARLINGTON 

HORIZONTAL DEFLECTION TRANSISTOR 


. . . specifically designed for use in deflection circuits. 

• VcE(sat) = 3.0 Volts (Max) @ Iq = 4.0 Amps, lg = 200 mA 
o Built-In Damper Diode J 


® Glassivated Base-Collector Junction 
® Safe Operating Area @ 50 /is = 25 A, 200 V 

MAXIMUM RATINGS 


Temperature Range 

THERMAL CHARACTERISTICS 


Soldering Purposes: 

1 .8” from Case for 5 Seconds 

(1 ) Pulse Test: Pulse Width = 1 ms, Duty Cycle < 10%. 

FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 

" ffig-Lq-Emuj-J-L j ; i 1 1 

: 'i 1 — si nci f pin 50 as 



BONDING WIRE LIMIT 
THERMAL LIMIT (SINGLE PULSE) 
SECOND BREAKDOWN LIMIT 


20 30 50 70 100 200 300 500 700 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


NPN SILICON 
DARLINGTON 
POWER TRANSISTOR 


1400 VOLTS 
80 WATTS 



Rating 

Symbol 

Value 

Unit 


Collector-Emitter Voltage 

V CEX 

1400 

Vdc 


Emitter Base Voltage 

V EB 

5.0 

Vdc 


Collector Current — Continuous 

Peak (1) 

>C 

'CM 

8.0 

16 

Adc 


Base Current — Continuous 

Peak (1) 

>B 

>BM 

2.0 

4.0 

Adc 


Emitter Current — Continuous 

Peak (1) 

■e 

'em 

10 

20 

Adc 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

80 

0.6 

Watts 

W/°C 


Operating and Storage Junction 

T J. T stg 

-65 to + 1 50 

°C 




1 

Characteristic 

Symbol 

Max 

Unit 

1 

Thermal Resistance, Junction to Case 

Rfljc 

1.56 

°C/W 


Maximum Lead Temperature for 

Tl 

275 

°C 






MJ10011 


ELECTRICAL CHARACTERISTICS (T q- 25° unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 
(l C = 100 mAdc, l B = 0) 

v CEO(sus) 

700 

- 

- 


Collector Cutoff Current 

(V CE = 1400 Vdc, V BE = 0) 

>CES 

- 

- 

0.25 


Emitter Cutoff Current 
(V BE = 4.0 Vdc, l C = 0) 

'EBO 

— 

— 

50 



ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(lC = 3.5 Adc, l B = 0.15 Adc) 

(I C = 4.0 Adc, l B =0.2 Adc) 

v CE(sat) 

- 

- 

3.0 

3.0 


Base Emitter Saturation Voltage 

v BE(sat) 





(l c = 3.5 Adc, l B =0.15 Adc) 


- 

- 

2.0 


(l C = 4.0 Adc, l B = 0.2 Adc) 


- 

- 

2.0 

■ 

Forward Diode Voltage 

Vf 

- 

1.2 

2.0 


(IF = 4.0 Adc) 





Hi 

Second Breakdown Collector Current with Base Forward Biased 

'S/b 

, See Figure 1 


SWITCHING CHARACTERISTICS 


Fall Time (See Figure 2) 

tf 

_ 

0.65 

1.0 


(l c = 4.0 Adc, I B1 =0.2 Adc) 







( 1 ) Pulse Test : Pulse Width < 300 ps, Duty Cycle = 2%. 


FIGURE 2 - FALL TIME TEST CIRCUIT 




0 1 0.2 0 5 1.0 2.0 5.0 10 

l C , COLLECTOR CURRENT (AMP) 
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MJ10012 


NPN SILICON POWER DARLINGTON TRANSISTOR 

The MJ10012 is a high-voltage, high-current darlington transistor 
designed for automotive ignition, switching regulator and motor con- 
trol applications. 


• Collector-Emitter Sustaining Voltage - 

v CEO(sus) = 4 00 Vdc (Min) 

• 175 Watts Capability at 50 Volts 

• Automotive Functional Tests 



15 AMPERE PEAK 

POWER TRANSISTOR 
DARLINGTON NPN SILICON 

400 VOLTS 
175 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO( sus ) 

400 

Vdc 

Collector-Emitter Voltage 

V CER 

550 

Vdc 

(R B E = 27 0) 




Collector-Base Voltage 

v CBO 

600 

Vdc 

Emitter-Base Voltage 

v EBO 

8 

Vdc 

Collector Current — Continuous 

'c 

10 

Adc 

- Peak (1) 


15 


Base Current 

>B 

2 

Adc 

Total Power Dissipation @ Tq = 25°C 

p D 

175 

Watts 

@T C = 100°C 


100 

Watts 

Derate above 25°C 


1 

W/°C 

Operating and Storage Junction 

Tj, T stg 

-65 to +200 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°c/w 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 

Purposes: 1/8" from Case for 5 Seconds 





(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


r /- 

SEATING 

PLANE 




F 


\.Q 

\ 



. , I 

L^d 

n J 

nN r 

•rry -J 

a 5 

, i 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



MILLIMETERS 

INCHES | 

DIM 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

c 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

tOT“ 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

28.67 

- 

1.050 


CASE 11-01 

TO-3 
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MJ10012 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit | 

OFF CHARACTERISTICS (1) | 

Collector-Emitter Sustaining Voltage (Figure 1) 

(Iq = 200 mAdc, l B = 0, V c | amp = Rated V CE o) 

v CEO(sus) 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Figure 1) 

Oc = 200 mAdc, Rbe = 27 Ohms, 
v clamp = Rated V CER> 

v CER(sus) 

425 



Vdc 

Collector Cutoff Current 

(Rated Vqer, R be = 27 Ohms) 

>CER 

- 

- 

1 

mAdc 

Collector Cutoff Current 
(Rated Vc B q, l E = 0) 

'CBO 

- 

- 

1 

mAdc 

Emitter Cutoff Current 
(V EB = 6Vdc, l C =0) 

>EBO 

— 

~ 

40 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 3 Adc, V C E e 6 Vdc) 

(l c = 6 Adc, V CE = 6 Vdc) 

(lC = 10 Adc, Vqe = 6 Vdc) 

h FE 

300 

100 

20 

550- 

350 

150 

4000 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 3 Adc, Ib =0.3 Adc) 


_ 

- 

1.5 


(1C - 6 Adc, l B = 0.6 Adc) 


- 

- 

2 


(1C = 10 Adc, l B =2 Adc) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 6 Adc, l B =0.6 Adc) 


- 

- 

2.5 


(l c = 10 Adc, l B = 2 Adc) 


- 

- 

3 


Base-Emitter On Voltage 

v BE(on) 

- 

- 

2.8 

Vdc 

(l C = 10 Adc, V C e = 6 Vdc) 






Diode Forward Voltage 

Vf 

- 

2 

3.5 

Vdc 

(l F = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

165 

350 

pF 

(V CB = 10 Vdc, l E = 0, f test = 100 kHz) 







SWITCHING CHARACTERISTICS 


Storage Time 

(V C c = 12 Vdc, 
lc = 6 Adc, 

l B i = l B 2 = 0.3 Adc) Figure 2 

ts 

_ 

7.5 

15 

MS 

Fall Time 

tf 

- 

5.2 

15 

MS 

FUNCTIONAL TESTS 

Second Breakdown Collector Current with 

Base-Forward Biased 

'S/B 

See Figure 10 

- 

Pulsed Energy Test (See Figure 12) 

IC2 L 

2 

- 

- 

180 

mJ 


(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2%. 


FIGURE 1 - SUSTAINING VOLTAGE 
TEST CIRCUIT 


FIGURE 2 - SWITCHING TIMES 
TEST CIRCUIT 


10 V 
0 V 


_nn_ 


V CC w 14 V 
Adjust Until Iq = 6 A 



* Adjust t-j such that 
Iq reaches 200 mA 
at Vqe = V c ) amp 


Vclamp 

VcEO(sus) = 400 Vdc 
v CER(sus) = 425 Vdc 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - COLLECTOR-SATURATION REGION 



IB,BASE CURRENT (AMP) 


FIGURE 6 - BASE-EMITTER VOLTAGE 



1C, COLLECTOR CURRENT (AMP) 


FIGURE 8 - COLLECTOR CUTOFF REGION 



- 0.2 






POWER DERATING FACTOR(%) ° 0 *C, COLLECTOR CURRENT (AMP) r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJ10012 


FIGURE 9 - THERMAL RESPONSE 



FIGURE 10 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 11 - POWER DERATING 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V qE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1 . 

Tj(pk) may be calculated from the data in Figure 11. 
At hign case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

FIGURE 12 - USAGE TEST CIRCUIT 


10 mH 
Stancore 



t-j to bo selected such that Jq rocches 6 Adc baforo switch-off. 
NOTE: 

"Usago Tost,” Figure 12 spociflos energy handling capabilities 
in on automotive ignition circuit. 
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MJ10013 

MJ10014 


. A'v. :.= >rtV <■.: : A ; -AAA' 

Designer^ Data. Shteet 


SWITCHMODE SERIES 

NPN_SILICON POWER DARLINGTON TRANSISTORS 

The MJ10013 and MJ10014 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line- 
operated switchmode applications such as: 

® Switching Regulators 
® Inverters 

® Solenoid and Relay Drivers 
® Motor Controls 
® Deflection Circuits 

® Fast T urn-Off Times 

250 ns Inductive FAII Time-25°C (Typ) 

500 ns Inductive Crossover Time— 25°C (Typ) 

1.4 /is Inductive Storage Time— 25°C (Typ) 

® Operating Temperature Range: -65 to +200°C 
® 100°C Performance Specified for: 

Reversed Biased SOA With Inductive Loads 
Switching Times With Inductive Loads 
Saturation Voltages 
Leakage Currents 



10 AMPERE 
NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

550 AND 600 VOLTS 
175 WATTS 


Designers Data for 
"Worst-Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data— 
representing device characteristic 
boundaries— are given to facilitate 
"worst-case" design. 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ10013 

MJ10014 


Collector-Emitter Voltage 

v CEOIsus) 

550 

600 


Collector-Emitter Voltage 

V CEV 

650 

700 

Vdc 

Emitter Base Voltage 

V EB 

8 

■ 

Collector Current — Continuous 

>C 


10 

■ 


- Peak (1) 

<CM 


15 

HI 

■ ■ 

Base Current — Continuous 

>B 



7 

■ 

WM 

— Peak (1 ) 

• bm - 


10 

■ 

m 

Total Power Dissipation @ Tq = 25°C 

PD 


175 

■ 

BMW 

@ T C = 100°C 




100 


Ml 

Derate above 25°C 





1 


mHEm 

Operating and Storage Junction 

TjTstg 

- 

55 to +200 



Temperature Range 







ami 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


1 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 


275 


°c 

Purposes: 1/8" from Case for 5 Seconds 







(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10% 



PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


ill 


■■EB20H 

bim 

rn'i 

BB 


H 

WM 

PB1 

■ 

HI 


mm 

BBS 


fc'HH'i 


ICT 

Blifl 

mm 

mm 

■■■ 

1'IEEM 

Ut'M 

EE3 

min 

KH 


■HtHI 

BOB 

OE3 

n 



■■HI 

■IIH 

u 

HI 

khli 



U 

i&l 


mini 

■nw 




bebi 


pm 

OBU 


1'KU 


Mil 

Ell 

WMM 

i'llf 





B^H 

bedi 


Collector connected to cas 
CASE 11-01 
TO-3 


Designers and Switchmode are Trademarks of Motorola Inc. 
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MJ10013, MJ10014 


E LECTR ICAL CHAR ACTER ISTICS (Tq - 25°C unless otherwise noted) 

Characteristic | Symbol ] Min | Typ | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) 

(1C = 100 mA. I B =0) MJ1001 3 

MJ10014 

v CEO(sus) 

550 

600 

- 

- 

Vdc 

Collector Cutoff Current 

>CEV 




mAdc 

(VcEV ~ Rated Value. V B E(off) = 1 -5 Vdc) 


- 

- 

0.3 

'* 

< V CEV = Rated Value, V BE ( 0 ff) = 1.5 Vdc. Tc = 150°C) 


- 

- 

5 


Collector Cutoff Current 

>CER 

- 

— 

5 

mAdc 

(Vce = Rated VcEV- Rbe = 50 ft, Tq = 100°C) 






Emitter Cutoff Current 

'EBO 

- 

- 

175 

mAdc 

(V EB = 2 Vdc. Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased . 

>S/b 

See Figure 12 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (2) 


DC Current Gain 

(l C = 5 Adc, V CE = 5 Vdc) 

(■C = 10 Adc, Vqe = 5 Vdc) 

hp£ 

20 

10 

- 

500 

250 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(lC = 10 Adc, l B =2 Adc) 


- 

- 

2.5 


(lC = 10 Adc, l B = 2 Adc, T C = 100°C) 


- 

' - 

2.6 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(lC = 10 Adc, l B = 2 Adc) 


- 

- 

3 


(l c = 10 Adc, l B = 2 Adc, Tc = 100°C) 


- 

- 

3 


Diode Forward Voltage (1) 

Vf 

- 

3 

5 

Vdc 

(l F - 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l c = 1 Adc, V C E = 10 Vdc, f test = 1 MHz) 

1 hf e | 

10 


- 

- 

Output Capacitance 

(V C b = 10 Vdc. I E = 0, f test = 100 kHz) 

c ob 

100 


350 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V C c = 250 Vdc, lc = 10 A, 

I B 1 = 400 mA, V BE ( 0 ff) = 5 Vdc, t p = 50 us, 

Duty Cycle < 2%). 

»d 

_ 

0.02 

0.2 

MS 

Rise Time 

tr 

- 

0.9 

2 

MS 

Storage Time 

ts 

- 

0.95 

4 

MS 

Fall Time 

tf 

- 

0.22 

1 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

(I C = 10 A(pk), V damp = 250 Vdc, I B1 = 1 A, 

V B E(off) = 5 Vdc,T C = 100°C) 

ts 

- 

2.3 

6 

MS 

Crossover Time 

x c 

- 

1 

3 

MS 

Storage Time 

(l C = 10 A(pk), V damp = 250 Vdc, I B1 = 1 A. 

VBE(off) =5 Vdc,T C = 25°C) 

h 

- 

1.4 

- 

MS 

Crossover Time 

x c 

- 

0.5 

- 

MS 

Fall Time 

t f i 

_ 

0.25 

- 

MS 


( 1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 ms, Duty Cycle < 2%. 
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Iq, COLLECTOR CURRENT (a/A) V, VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 
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MJ10013, MJ10014 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



SWITCHING TIME NOTE 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 


t sv = Voltage Storage Time, 90% Ig-j to 10% V c | am p 
trv - Voltage Rise Time, 10—90% V c | amp 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10—2% lc 
t c = Crossover Time, 10% V c | am p to 10% Iq 
A n enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 


— continued — 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 



1.0 2.0 5.0 8.0 

V BE(off)« BASE-EMITTER VOLTAGE (VOLTS) 
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MJ10013, MJ10014 


TYPICAL CHARACTERISTICS 


SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during' the crossover interval and can be obtained 
using the standard equation from AN-222: 

p SWT = 1/2 Vcclc(tc) f 

In general, t rv + tfj — t c . However, at low.er test cur- 
rents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 

RESISTIVE SWITCHING PERFORMANCE 



1 1.5 2 3 5 7 10 

l C , COLLECTOR CURRENT (AMP) 



0 1.5 2 3 5 7 10 


lC, COLLECTOR CURRENT (AMP) 


FIGURE 11 - THERMAL RESPONSE 
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MJ10013, MJ10014 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for theses devices undor the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



100 200 300 400 500 600 700 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc - VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions allowable during reverse biased 
turn-off. This rating is verified under clamped conditions 
so that the device is never subjected to an avalanche mode. 
Figure 13 gives the complete RBSOA characteristics. 



0 40 80 120 160 200 


T c , CASE TEMPERATURE (°C) 
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50 AMPERE 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 



The MJ10015 and MJ10016 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line- 
operated switchmode applications such as: 

® Switching Regulators 

• Motor Controls 

• Inverters 

® Solenoid and Relay Drivers 

• Fast Turn-Off Times 

1.0 jus (max) Inductive Crossover Time — 20 Amps 
2.5 jus (max) Inductive Storage Time — 20 Amps 
® Operating Temperature Range -65 to +200°C 

• Performance Specified for 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 
Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter Base Voltage 
Collector Current — Continuous 

— Peak (1 ) 

Base Current — Continous 
— Peak (1 ) 

Total Power Dissipation @ Tq = 25°C 
@ T C - 100°C 

Derate above 25°C 

Operating and Storage Junction 

Temperature Range 


Symbol 

v CEO(sus) 

V CEV 

VEB 

>C 

>CM 

>B 

<BM 

P D 


T J< T$tg 


MJ10015 

400 

600 


MJ10016 

500 

700 


8.0 


50 

75 

10 

15 

250 

143 

1.43 

-65 to +200 


Unit 

Vdc 

Vdc 

Vdc 

Adc 


Adc 


Watts 

W/°C 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Case 
Maximum Lead Temperature for Soldering Purposes: 
1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10% 


Symbol 

R 0JC 

Tl 


Max 

0.7 

275 


Unit 

°C/W 

”°c” 


NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

400 and 500 VOLTS 
250 WATTS 





A H 

r~ b i. 

r c 

i__ 

i 

1 

-E D 

SEATING V 

PLANE 

'H- 

K 

i 



STYLE 1> 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 

I ImilumetersI INCHES I 


Switchmode is a trademark of Motorola, Inc. 




MJ10015, MJ10016 


ELECTRICAL CHARACTERISTICS (T c = 25°C unloss otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 100 mA, l B = 0, V damp = Rated V CE 0> MJ10015 

MJ10016 

v CEO(sus) 

400 

500 

- 

- 

Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, VgEfoff) = 1.5 Vdc) 

*CEV 

- 

- 

0.25 

mAdc 

Emitter Cutoff Current 
(V EB = 2.0 Vdc. I C = 0) 

'EBO 

— 

- 

350 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 7 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 8 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 20 Adc, V CE = 5.0 Vdc) 

(l C = 40Adc, V CE = 5.0 Vdc) 

hpE 

25 

10 

- 

- 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 20 Adc, l B = 1.0 Adc) 


- 

- 

2.2 


(l c = 50 Adc, l B = 10 Adc) 


- 

- 

5.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

- 

2.75 

Vdc 

(l C = 20 Adc, l B = 1.0 Adc) 






Diode Forward Voltage (2) 

Vf 

- 

2.5 

5.0 

Vdc 

(Ip = 20 Adc) 







DYNAMIC CHARACTERISTIC 


Output Capacitance 

Cob 

- 

- 

750 

PF 

(V CB = 10 Vdc, l E = 0, f t est = 100 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(V cc = 250 Vdc, l c = 20 A, 

I B 1 = 1.0 Adc, V BE ( 0 ff) = 5 Vdc, t p = 25 ms 

Duty Cycle < 2%) . 

td 

- 

0.14 

0.3 

PS 

Rise Time 

tr 

- 

0.3 

1.0 

MS 

Storage Time 

t S 

- 

0.8 

2.5 

MS 

Fall Time 

tf 

- 

0.3 

1.0 

MS 

Inductive Load, Clamped (Table 1 ) j 

Storage Time 

(I C = 20 A(pk), V C | amp =250 V, I B1 = 1.0 A, 
v BE(off) = 5 0 Vdc) 

l sv 

7 

1.0 

2.5 

MS 

Crossover Time 

x c 

- 

0.36 

1.0 

MS 


(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 

(2) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. Tests have shown that 
the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast recovery rectifiers. 
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V. VOLTAGE (VOLTS) 


MJ10015, MJ10016 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 




1 L.-l-JLI J I I I I I 1 1 j 1 1 1 1 1 

0.5 1.0 2.0 5.0 10 20 50 

l c , COLLECTOR CURRENT (AMP) 


FIGURE 2 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 



nd t-TTTIl 1 I | 1.1 I 1 1 II I I I I I 

0.5 1.0 2.0 5.0 10 20 50 

l c , COLLECTOR CURRENT (AMP) 



-0 2 0 +0 2 +-0 4 +-0 6 +0 8 


Vbe. BASE EMITTER VOLTAGE (VOLTS) 



0.4 1.0 4.0 10 40 100 400 

V R , REVERSE VOLTAGE (VOLTS) 
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MJ10015, MJ10016 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 




TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine the 
total switching time. For this reason, the following new 
terms have been defined. 


t sv = Voltage Storage Time, 90% I b 1 to 10% V c | amp 

t rv = Voltage Rise Time, 10-90% V c | am p 

tfj = Current Fall Time, 90 - 10% Iq 

ttj = Current Tail, 10-2% l£ 

t c = Crossover Time, 10% V c | amp to 10% lc 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = ”1/2 Vcclc(tc> f 

In general, t rv + tfj s t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified and has become a benchmark for 
designers. However, for designers of high frequency con- 
verter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed. 
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POWER DERATING FACTOR (%) l C , COLLECTOR CURRENT (AMPS) p | C . COLLECTOR CURRENT (AMPS) 


MJ10015, MJ10016 


The Safe Operating Area figures shown in Figures 7 and 8 are 
specified ratings for these devices under the test conditions shown. 


FIGURE 7 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 8 - REVERSE BIAS SWITCHING 



0 100 200 300 400 500 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 . 160 200 

Tc. CASE TEMPERATURE (°C) 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC~ V CE 
limits of the transistor. that must be observed for reliable 
operation? i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data* of Figure 7 is based onTc = 25°C;Tj( p k) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq> 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve 
on Figure 9. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 8 
gives the complete RBSOA characteristics. 


FIGURE 10 - TYPICAL REVERSE BASE CURRENT 
versus V B E(off) WITH NO EXTERNAL BASE RESISTANCE 







HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 


. for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hf£ = 1000 (Min) @ \q = 20 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistor 

® Junction Temperature to +200°C 


30 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-120 VOLTS 
200 WATTS 


MAXIMUM RATINGS 


1 

Rating 

Symbol 

MJ11011 

MJ11012 

MJ11013 

MJ11014 

MJ11015 

MJ11016 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

90 

120 

Vdc 

Collector-Base Voltage 

V CB 

60 

90 

120 

Vdc 

Emitter -Base Voltage 

V EB 

5 

Vdc 

Collector Current 

•c 

30 

Adc 

Base Current 

1 B ■ 

1 

Adc 

Total Device Dissipation @ Tq = 25°C 

P D 


200 


Watts 

Derate above 25°C @Tc = 100°C 



115 


W/°C 

Operating and Storage Junction 

T J ,T stg 


-55 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R (iJC 

0.87 

°C/W 

Maximum Lead Temperature for 
Soldering Purposes for < 10 Seconds. 

t l 

275 

°C 


L 





PIN 1 BASE 
2 EMITTER 
CASE- COLLECTOR 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1 550 

B 


21.08 


0 830 

c 

6 35 

7 62 

0 250 

0 300 

D 

0.99 

1.09 

0 039 

0.043 

E 

- 

3 43 


0 135 

F 

29 90 

30.40 

1.177 

1.197 

G 

10.67 

11 18 

0.420 

0 440 

H 

5.33 

5.59 

0210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 i 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 

CASE 11-01 












suuusm: 


HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 

... for use as output devices in complementary general purpose 
amplifier applications. 

© High DC Current Gain — hFE = 1000 (Min) @ lc = 25 Adc 
hFE = 400 (Min) @ Iq = 50 Adc 

® Curves to 100 A (Pulsed) 

© Diode Protection to Rated Iq 

© Monolithic Construction with Built-In Base-Emitter Shunt Resistor 
® Junction Temperature to +200°C 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ11028 MJ11030 MJ11032 

MJ11029 MJ11031 MJ11033 

Unit 

Collector-Emitter Voltage 

v CEO 

60 90 1 20 

Vdc 

Collector-Base Voltage 

VCB 

60 90 1 20 

Vdc 

Emitter-Base Voltage 

V EB 

5 

Vdc 

Collector Current— Continuous 

•c 

50 

Adc 

Peak 

'CM 

100 


Base Current— Continuous 

'b 

2 

Adc 

Total Power Dissipation @ Tc = 25°C 

Pd 

300 

Watts 

Derate above 25°C @ T c = 100°C 


1.71 

W/°C 

Operating and Storage Junction 

T J* T stg 

-55 to +200 

°C 


Temperature Range 

THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 


Maximum Lead Temperature for 

Soldering Purposes for <10 seconds 


275 

°C 


Thermal Resistance Junction to Case 

Rqjc 

0.584 

°C 


FIGURE 1 - DARLINGTON CIRCUIT SCHEMATIC 



50 AMPERE 

COMPLEMENTARY SILICON 
DARLINGTON 
POWER TRANSISTOR 

60-120 VOLTS 
300 WATTS 




STYLE I: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


MILLIMETERS INC 

DIM MIN MAX' MIN 
A 38.35 39.37 1.510 

B 19.30 21.03 0.760 

~rT~ 6.35 7.62 0.250 
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CASE 197-01 

(TO-3 Except Pin Di 




DC CURRENT GAIN l C . COLLECTOR CURRENT (AMP) 


MJ11028, MJ11030, MJ1 1032NPN/ MJ11029, MJ11031, MJ11033PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

( Characteristic j Symbol j Min j Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l c = 100 mAdc, l B = 0) MJ1 1028 MJ1 1029 

MJ11030 MJ11031 

N MJ11032 MJ11033 

BVqeo 

60 

90 

120 

- 


Collector-Emitter Leakage Current 

>CER 



mAdc 

(V CE = 60 Vdc, R be = 1 k ohm) (VU1 1028 MJ1 1029 


- 

2 


(Vqe = 90 Vdc, R BE = 1 k ohm) MJ1 1030 MJ1 1031 


- 

2 


(V CE = 120 Vdc, R BE -Ik ohm) MJ11032 MJ11033 


- 

2 


(Vqe = 60 Vdc, R BE = 1 k ohm,Tc = 150°C) MJ11028 MJ11029 


- 

10 


(VcE = 90 Vdc, R b e ~ 1 k ohm, Tq = 1 50°C) MJ11030 MJ11031 


- 

10 


(Vqe = 120 Vdc, R BE = 1 k ohm, T C = 150°C) MJ11032 MJ11033 


- 

10 


Emitter Cutoff Current 

'ebo 

- 

5 

mAdc 

(V B e = 5 Vdc, Iq = 0) 





Collector-Emitter Leakage Current 

'CEO 

- 

2 

mAdc 

(Vqe = 50 Vdc, l B =0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 25 Adc, Vqe = 5 Vdc) 

(Iq = 50 Adc, Vqe = 5 Vdc) 

hpE 

1 k 

400 

18 k 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq = 25 Adc, l B = 250 mAdc) 


- 

2.5 


(Iq = 50 Adc, l B = 500 mAdc) 


- 

3.5 


Base-Emitter Saturation Voltage 

^BE(sat) 



Vdc 

(Iq = 25 Adc, l B = 200 mAdc) 


- 

3.0 


(Iq = 50 Adc, l B = 300 mAdc) 


- 

4.5 



(1 ) Pulse Test: Pulse Width -< 300 (is, Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



FIGURE 3 - DC CURRENT GAIN 



There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate lc~VcE limits of the 
transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 2 is based on Tjjp^j = 200°C; Tq is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break- 
down. 



l c , COLLECTOR CURRENT (AMP) 
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HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in large screen color deflection 
circuits. 

© Collector-Emitter Voltage — 

VCEX = 1500 Volts 
© Glassivated Base-Collector Junction 
© Forward Bias Safe Operating Area @ 50 /is = 1 5 A, 300 V 
o Switching Times with Inductive Loads — 
tf = 0.65 jis (Typ) @ l c = 2.0 A 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO( sus > 

750 

Vdc 

Collector-Emitter Voltage 

V CEX 

1500 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

>C 

2.5 

Adc 

Base Current — Continuous 

>B 

2.0 

Adc 

Emitter Current — Continuous 

•e 

4.5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

75 

Watts 

@ T C = 1 00°C 


30 

Watts 

Derate above 25°C 


0.6 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J« T stg 

-65 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.67 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

1 

°c 


2.5 AMPERE 
NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
75 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




A — 

c 

J- 

|. D -j 

1 

r-i U 


r ~z 

SEATING 

-t 

=! L 


PLANE 



PIN 1. BASE 


2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 


0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

18.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


CASE 11-01 

TO-3 
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ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 

Characteristic | Symbol | Min j Typ | Max | Unit | 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(Iq = 50 mAdc, l B = 0) 

VCEO(sus) 

750 

- 

- 

Vdc 

Collector Cutoff Current 

(Vce = 1500 Vdc,V BE = 0) 

! CES 

~ 

— 

1.0 

mAdc 

Emitter Cutoff Current 
(V BE - 5.0 Vdc, l c = 0) 

•ebo 

~ 

— 

0.1 

mAdc 


ON CHARACTERISTICS (1) 


Col lector- Emitter Saturation Voltage 
<I C = 2.0 Adc,»l B *» 1.8 Adc) 

VcE(sat) 

- 

- 

5.0 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 2.0 Adc, l B = 1.8 Adc) 

v BE(sat) 

— 

— 

1.5 

Vdc 

Second Breakdown Collector Current with 
Base-Forward Biased 

>S/B 


See Figure 14 




DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

- 

50 

- 

PF 

Current Gain — Bandwidth Product (1) 

(l C = 0.1 Adc, V CE = 5.0 Vdc, f test = 1 .0 MHz) 

it 

- 

4.0 

— 

MHz 


SWITCHING CHARACTERISTICS 


Fall Time 

If 




MS 

(IC = 2.0 Adc, l B i =1.0 Adc, 


- 

0.65 

1.0 


L b = 1 2 mH, See Figure 1 ) 







ID Pulse Test: Pulse Width < 300 ms, Duty Cycle = 2%. 


FIGURE 1 - TEST CIRCUIT 


Common 
2500 p 

5.0 W 

— wv- 


Capacitor values in mF 
resistors are Y* watt 



Width < 

L. a 

MC1391 

1 



Adj < 

M.Ok 

Horiz. Osc. 



220 ^ 


! C 

L 

C 

0.75 A 

4.25 mH 

.003 mF 

1.5 , 

2.18 mH 

.006 mF 

2.0 

1.6 mH 

.008 mF 


Common + 125 V 


DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1/4" laminate "E" iron 
core. Primary Inductance — 39 mH. Secondary Inductance — 22 mH, 
Leakage Inductance with primary shorted — 2.0 nH, Primary 260 
turns #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 
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BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from the 
fact that good saturation of the output device, prior to 
turn-off, must be assured. This is accomplished by pro- 
viding more than enough I b 1 to satisfy the lowest gain 
output device hpg at the end of scan IqM- Worst case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance soufcc, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lb is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables OcM» { B1» ar >d hpE at *CiVj)- 
One method is to plot fall time as a function of Lb, at the 
desired conditions, for several devices within the hp£ 
specification. A more informative method is to plot power 
dissipation versus IbI for a range of values of Lb as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low I b -]) is caused by saturation losses. The positive 
slope portion at higher I b i , and low values of Lb is due to 
switching losses as described above. Note that for very low 
Lb a very narrow optimum is obtained. This occurs when 
I b 1 hpE = I CM» an d therefore would be acceptable only 
for the "typical" device with constant I cm* As Lb is in- 
creased, the curves become broader and flatter above the 
I B 1 ^FE “ *CM point as the turn-off "tails" are brought 
under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpg, essen- 
tially moves the curves to the left or right according to the 
relation I B 1 ^FE = constant. It then becomes obvious 
that, for a specified Icm. an Lb can be chosen which will 
give low dissipation over a range of hpE and/or Isi-The 
only remaining decision is to pick I B1 high enough to 
accommodate the lowest hpE P art specified. Figure 8 
gives values recommended for Lb and I bi for this device 
over a wide range of IqM- These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lb nor I b 1 are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 


<B 


>C 


(time) 


•c 


(time) 




TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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, INPUT POWER (WATTS) P in . INPUT POWER (WATTS) 


MJ12002 


FIGURE 4 - OPTIMIZING DRIVE @ l C = 0.75 A 



0 0.1 0.2 0.3 

lB1. BASE CURRENT (AMP) 


FIGURE 6 - OPTIMIZING DRIVE @ ! C = 2.0 A 



0.4 , 0.6 0.8 1.0 

lB1. BASE CURRENT (AMP) 


2 . 


FIGURE 8 - OPTIMUM DRIVE CONDITIONS 


CO 0. 


L B , BASE INDUCTANCE (pH) 

t f , FALL TIME (ju s) l f' FALL T,ME ^ s) 



t S( STORAGE TIME M U. STORAGE TIME (fis) 








MJ12002 



87 







Ic, COLLECTOR CURRENT (AMP) 


MJ12002 


FIGURE 14 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


NOTE: 

There are two limitations on the power handling ability of a transistor: average junction 
temperature and second breakdown. Safe operating area curves indicate lc~^CE limits 
of the transistor that must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The 50 ms SB curve is beyond the thermal limits of this part. However, the parts will 
survive a transient that remains within these SB limits without failing. 
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Sheet 


HORIZONTAL DEFLECTION TRANSISTOR 


NPN SILICON 
POWER TRANSISTORS 


. . . specifically designed for use in large screen color deflection 


• Collector-Emitter Voltage — Vq|=x = 1 500 Vdc 

® Glassivated Base-Collector Junction 

© Safe Operating Area @ 50 fis = 20 A, 400 V 

© Switching Times with Inductive Loads — 
tf = 0.4 /is (Typ) @ Iq = 4.5 A 


1500 VOLTS 
100 WATTS 


Designer's Data for 
“Worst Case" Conditions 
The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 



MAXIMUM RATINGS 

Rating 

Co I lector* Emitter Voltage 
Collector-Emitter Voltage 
Emitter Base Voltage 
Collector Current — Continuous 
Base Current — Continuous 
Emitter Current — Continuous 

Total Power Dissipation @ Tq = 25°C 
@Tc = 100°C 

Derate above 25°C 
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ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted.) 


Characteristic j Symbol j Min | Typ | Max j Unit | 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(Iq ■ 50 mAdc, lg = 0) 

VcEO(sus) 

750 

- 

_ 

Vdc 

Collector Cutoff Current 

(V CE = 1500 Vdc.V BE =0) 

•CES 

~ 

~ 

1.0 


Emitter Cutoff Current 
(Vg E ■ 5.0 Vdc, lc ■ 0) 

>EBO 

“ 

~ 

1.0 

mAdc 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
(l C = 4,5 Adc, lg = 15 Adc) 

(l C - 35 Adc. lg = 1 .5 Adc) 

v CE(sat) 

- 

- 

m 

Vdc 

Base Emitter Saturation Voltage 
(1C = 4.5 Adc. lg = 15 Adc) 

(l C = 3.5 Adc, 1 g = 1 .5 Adc) 


- 

- 



Second Breakdown Collector Current with Base 

Forward Biased 

<S/b 

See Figure 14 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(1C = 0.1 Adc, V C E = 5.0 Vdc, f tes t = 1 MHz) 

IT 

- 

4 

- 


Output Gapacitance 

(V CB = 10 Vdc, l E = 0, f - 0.1 MHz) 

C 0 b 

— 


— 

mm 


Fall Time T C = 25°C 

(l C = 4.5 Adc, Igi = 1,5 Adc, T C = 100°C 

Lg = 8.0 pH, See Figure 1 ) 

tf 

■ 

B 




(1 ) Pulse Test: Pulse Width < 300 ps, Duty Cycle = 2%. 



Com +125 V 

DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1 /4" laminate "E" iron core. 
Primary Inductance — 39 mH, Secondary Inductance — 0.22 mH, 
Leakage Inductance with primary shorted — 2.0 pH. Primary 260 
turns, #28 AWG enamel wire. Secondary 17 turns. #22 AWG 
enamel wire. 


'c 

A 

L 

mH 

C 

pF 

3.5 

0.87 

0.013 

4.5 

0.67 

0.017 
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BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough I B1 to satisfy the lowest gain 
output device hp B at the end of scan I^M * Worst-case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lg is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (Iqm* *B1' and h FE at *CM^ 
One method is to plot fall time as a function of Lg, at the 
desired conditions,' for several devices within the hpg 
specification. A more informative method is to plot power 
dissipation versus Ig-j for a range of values of Lg as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low lg-|) is caused by saturation losses. The positive slope 
portion at higher Igj, and low values of Lg is due to 
switching losses as described above. Note that for very low 
Lg a very narrow optimum is obtained. This occurs when 
*B1 hpE = *CM' and therefore would be acceptable only 
for the "typical" device with constant Iq^j. As Lg is in- 
creased, the curves become broader and flatter above the 
I bi h FE = Point as the turn-off "tails" are brought 

under control. Eventually, if Lg is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpp, essen- 
tially moves the curves to the left or right according to the 
relation Ig-j hpg = constant. It then becomes obvious 
that, for a specified IqM ' an *-B can h e chosen which will 
give low dissipation over a range of hpp and/or Ig-j. The 
only remaining decision is to pick Ig-j high enough to 
accommodate the lowest hpg part specified. Figure 8 
gives values recommended for Lg and Ig-j for this device 
over a wide range of lQ|y|. These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lg nor Ig-j are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are 
provided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 



(time) 


FIGURE 3 


(time) 



TEST CIRCUIT OPTIMIZATION 


The tost circuit may be used to evaluate devlcos in the con- 
ventional mannor, i.o., to measure fall timo, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can bo caused by a varioty of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current Is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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tf . FALL TIME (ms) P in , INPUT POWER (WATTS) 
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0 0.5 1 1.5 2 



■bi. BASE CURRENT (AMP) 


l 01 , BASE CURRENT (AMP) 


FIGURE 6 - SWITCHING BEHAVIOR versus 
TEMPERATURE 

l C M - 3.5 A, l B = 1.5 A, Lq = 14 jlH 



FIGURE 7 - SWITCHING BEHAVIOR versus 
TEMPERATURE 



T c , CASE TEMPERATURE (°C) 


T c , CASE TEMPERATURE (°C) 



1C , COLLECTOR CURRENT (AMP) 


1C . COLLECTOR CURRENT (AMP) 


STORAGE TIME (ms) t s , STORAGE TIME (ms) 









V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJ12004 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 2.0 k 



FIGURE 11 - COLLECTOR SATURATION REGION 



0.3 0.5 0.7 1 2 3 


l B , BASE CURRENT (AMP) 


FIGURE 12- DC CURRENT GAIN 




0.05 0.1 0.2 0.3 0.5 0.7 1 2 3 5 


l C , COLLECTOR CURRENT (AMP) 
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I C , COLLECTOR CURRENT (AMP) 


MJ12004 


FIGURE 14 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



8.0 10 20 40 60 100 200 400 600 800 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLT) 


NOTE: 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ VcE 
limits of the transistor must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The 50 jus SB curve is beyond the thermal limits of this 
part. However, the parts will survive a transient that remains 
within these SB limits without failing. 






Advance Information 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in deflection circuits. 

® VcEX = 1 500 v 

© Glassivated Base-Collector Junction 
• Safe Operating Area @ 50 jus = 20 A, 400 V 


MAXIMUM RATINGS 


NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
100 WATTS 


Tr 



Rating 

Symbol 

Value 

Unit 


Collector-Emitter Voltage 

V CEX 

1500 

Vdc 


Emitter-Base Voltage 

V EB 

5.0 

Vdc 


Collector Current — Continuous 

>C 

8.0 

Adc 


3ase Current -- Continuous 

•b 

4.0 

Adc 


Emitter Current — Continuous 

lE 

12 

Adc 

1 

Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 

P D 

100 

0.8 

Watts 

W/°C 

r 

Operating and Storage junction 
Temperature Range 

' T J< T stg 

-65 to + 150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit | 


Thermal Resistance, Junction to Case 

R 0JC 

1-25 

o 

O 

2 


Maximum Lead Temperature for 

Soldering Purposes: 1/8” from 

Case for 5 Seconds 

Tl 

275 

°c 




FIGURE 1 - MAXIMUM FORWARD BIAS SAFE OPERATING AREA 




0 0051 

10 20 30 40 50 


V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MIN 

MAX 

MIN 

MAX 

" 

A 


39.37 


1 550 


B 

- 

21.08 

- 

0.830 


C 

6 35 

7.62 

0.250 

0.300 


0 

0.99 

1.09 

0.039 

0 043 


E 

- 

3.43 

_ 

0.135 


F 

29.90 

30.40 

1.177 

1.197 


G 

10 67 

11.18 

0.420 

0.440 


H 

5.33 

5.59 

0.210 

0.220 


J 

16.64 

17.15 

0.655 

0.675 


K 

11.18 

12.19 

0.440 

0.480 


Q 

3.84 

4.09 

0.151 

0.161 


R 

- 

26.67 

- 

1.050 



Collector connected to case. 
CASE 11-01 
(TO-3) 


This is advance information and specifications are subject to change without notic 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
( V c = 50 mAdc, l B = 0) 

v CEOsus) 

750 

- 

- 

Vdc 

Collector Cutoff Current 

(V CE = 1 500 Vdc, V B e = 0) 

•CES 

- 

- 

0.25 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, I C = 0) 

•ebo 

— 

~ 

0.1 

mAdc 


ON CHARACTERISTICS (1) 
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SWITCHMODE* SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13014 and MJ13015 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switchmode applications such as: 

© Switching Regulators 
® Inverters 

© Solenoid and Relay Drivers 
© Motor Controls 
« Deflection Circuits 

Fast Turn - Off Times: 

60 ns Inductive Fall Time @ 25°C (Typ) 

120 ns Inductive Crossover Time @ 25°C (Typ) 

800 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

350 AND 400 VOLTS 
150 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers* Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



J 

MAXIMUM RATINGS 

Rating 

Symbol 

MJ13014 

MJ13015 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

550 

600 

Vdc 

Emitter Base Voltage 

veb 

6.0 

Vdc 

Collector Current — Continuous 


•c 


10 


Adc 

— Peak (1) 


•cm 


20 



Base Current — Continuous 


■b 


5.0 


Adc 

- Peak (1) 


'bm 


10 



Total Power Dissipation @ Tq = 25°C 


pd 


150 


Watts 

@ T C = 1 00°C 




85.5 



Derate above 25°C 




0.86 


W/°C 

Operating and Storage Junction 

Tj,T stg 


-65 to +200 


°c 

Temperature Range 


. 






THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 




275 


°c 

Purposes: 1/8" from Case for 5 Seconds 







(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39 37 


1 550 

B 

- 

21 08 


0 830 

C 

G 35 

7 62 

0 250 

0.300 

D 

0 99 

1 09 

0 039 

0 043 

E 

- 

3 43 


0 135 

F 

29 90 

30 40 

1.177 

1 197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0 210 

0.220 

J 

16 64 

17.15 

0.655 

0 675 

K 

11 18 

12 19 

0 440 

0.480 

Q 

3.84 

4.09 

0 151 

0.161 

R 

- 

26 67 

- 

1.050 


Collector connected to case 
CASE 1101 
TO -3 


A Trademark of Motorola Inc. 
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MJ13014, MJ13015 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ { Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 100 mA, l B = 0) MJ13014 

MJ13015 

VCEG(sus) 

350 

400 

- 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(VcEV ~ Rated Value, VgEtoff) = 1 -5 Vdc) 


- 

- 

0.5 


(V C EV * Rated Value, V BE ( off ) = 1.5 Vdc, T c » 150°C) 


- 

- 

2.5 


Collector Cutoff Current 

*CER 

- 

- 

3.0 

mAdc 

<V CE = Rated V CEV , R BE * 50 ft, T c = 100°C) 






Emitter Cutoff Current 

‘EBO 

- 

- 

1.0 

mAdc 

(V E8 = 6.0 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

! S/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gam 

(1C -- 2.5 Adc, Vqe = 5 Vdc) 

h FE 

12 

__ 

40 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c - 5 Adc, l B - 1.0 Adc) 


- 

- 

1.4 


(l c - 10 Adc, l B = 2.0 Adc) 


- 

- 

5.0 


(l c = 5 Adc, l B * 1 .0 Adc, Tq = 100°C) 


- 

- 

2.4 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c - 5 Adc, l B = 1.0 Adc) 


- 

- 

1.5 


(l c = 5 Adc, l B * 1.0 Adc, Tc = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

50 

- 

350 

pF 

(V C b * 10 Vdc, l E =0. f test = 1.0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) I 

Delay Time 

(V CC = 250 Vdc, l c - 5.0 A, I B1 = 1.0 A, 
t D - 25 ms, Duty Cycle 2%) 

td 

- 

0.01 

0.1 

ATS 

Rise Time 

t r 

- 

0.085 

0.5 

MS 

Storage Time 

(Vcc ~- 250 Vdc, l c - 5.0 A, I B1 - 1.0 A, 
i v 8E(off) ~ 5.0 Vdc, t p - 25 vs, Duty Cycle ^ 2%) 

t s 

- 

0.8 

2.0 

US 

Fall Time 

tf 

- 

0.095 

0.5 

MS 


Inductive Load Clamped (Table 1) 


Storage Time 

(1C = 5 A(pk), V clamp = 250 Vdc, I B1 * 1.0 A, 

VBE(off) = 5 Vdc, T c - 100°C) 

t S v 

- 

1.5 

3.5 

MS 

Crossover Time 

tc 

, - 

0.25 

1.0 

MS 

Fall Time 

tfi 

- 

0.12 

- 

MS 

Storage Time 

(l C - 5 A (pk), V damp - 250 Vdc, lei = 1.0 A, 
VBE(off) = 5Vdc,T C = 25°C) 

t$v 

- 

0.8 

- 

MS 

Crossover Time 

tc 

- 

0.12 

- 

MS 

Fall Time 

tfi 

- 

0.06 

- 

MS 


( 1 ) Pulse Test : PW - 300 vs. Duty Cycle 2%. 
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MJ13014, MJ13015 














MJ13014, MJ13015 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv - Voltage Storage Time, 90% IbI to 10% V c | amp 
t r v ~ Voltage Rise Time, 10 — 90% V^| a ppp 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10 — 2% lc 
t c = Crossover Time, 10% V c | amp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 Vcdc^c^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING 



0.1 0.2 0.3 0.5 0 7 1.0 2.0 3 0 5 0 7 0 10 

l C , COLLECTOR CURRENT (AMP) 



n 05 1 — r r . : : t i i mu , „i _ l_ . r— r rr n inm 

0 1 0 2 0 3 0 5 0 7 1.0 2.0 3 0 5.0 7 0 10 


l c , COLLECTOR CURRENT (AMP) 


FIGURE 11 - THERMAL RESPONSE 



t. TIME (ms) 
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MJ13014, MJ13015 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high, voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC, snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 



0 40. 80 120 1B0 200 

Tc, CASE TEMPERATURE (°C) 
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MJ13330 

MJ13331 


Desiisnors'Data Sheet 


SWITCHMODE A SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13330 and MJ 13331 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated 
switchmode applications such as: 

® Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 
® Motor Controls 

® Deflection Circuits 

Fast Turn-Off Time 

75 ns Inductive Fall Time-25°C (Typ) 

150 ns Inductive Crossover Time— 25°C (Typ) 

900 ns Inductive Storage Time-25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

200 and 250 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers* Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ13330 

MJ13331 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

200 

250 

Vdc 

Collector-Emitter Voltage 

V CEV 

400 

450 

Vdc 

Emitter Base Voltage 

V EB 

6 

Vdc 

Collector Current — Continuous 
— Peak (1 ) 

•c 

'CM 

20 

30 

Adc 

Base Current — Continuous 
- Peak (1) 

■b 

•bm 

10 

20 

Adc 

Total Power Dissipation @ Tq = 25°C 
@ T C - 100°C 

Derate above 25°C 

P D 

175 

100 

1 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 


275 

°c 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 



PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


0IM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1 550 

3 

- 

21 08 

- 

0.830 

C 

6 35 

7 62 

0 250 

0 300 

0 

0 99 

1.09 

0 039 

0 043 

E 

- 

3 43 

- 

0.135 

F 

29 90 

30 40 

1.177 

1 197 

G 

10 67 

11.18 

0.420 

0.440 

H 

5 33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0 675 

X 

11.18 

12 19 

0.440 

0.480 

Q 

3 84 

4 09 

0 151 

0 161 

R 

- 

26.67 

- 

1.050 


Collectoi connected to c< 
CASE 11 01 , 
TO 3 


^ Trademark of Motorola Inc. 

Similar device types with higher Vq^q ratings are: MJ13332 (350 V) thru MJ13335 (500 V). 
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MJ13330, MJ13331 


ELECTRICAL CHARACTERISTICS (T G = 25°C unless otherwise noted.) 

Characteristic Symbol 

Peak Forward Blocking Voltage VDRM 

(Rqk = 1000 Ohms) MCR1906-1 

MCR 1906-2 
MCR 1906-3 
MCR 1906-4 
MCR 1906-5 
MCR 1906-6 
MCR 1906-7 

MCR 1906-8 

Peak Forward Blocking Current >DRM 

(Rated V DRM , RgK = 1° 00 Ohms, Tj = 1 10°C) 

Peak Reverse Blocking Current ( RRM 

(Rated Vrrm, ^GK = 1 QQ 0 Ohms, Tj = 1 10°C) 

Peak On-State Voltage (Pulsed, 1 .0 ms max. Duty Cycle < 1 .0%) V TM 

(Ip = 1 .0 Adc peak) 

Gate Trigger Current (Continuous dc) IGT 

(V A k = 7.0 V, R L = 100 ohms) 

Gate Trigger Voltage (Continuous dc) 

(V A k ~ 7.0 V, r l = 100 ohms) V GT 

(V A « = Rated Vqrm, Rl = 100 ohms, Rqk = 1000 Ohms, 

Tj = 110°C) • 

Holding Current Ir 

(V AK = 7.0 V, Rgk = 1000 ohm s> 

Turn-On Time t gt 

(Iqt = 10 mA, Ip = 1.0 A) 

( I GT = 20 mA » <F = 10 A > 

Turn-Off Time tq 

(Ip = 1.0 A, Ir = 1.0 A, dv/dt = 20 V/ms,Tj =110°C) 


CURRENT DERATING 


FIGURE 1 - CASE TEMPERATURE REFERENCE 


FIGURE 2 - AMBIENT TEMPERATURE REFERENCE 


DUCTION ANGLE 



I F ( A V)» AVERAGE FORWARD CURRENT (AMPS) 


I F ( A V )r AVERAGE FORWARD CURRENT (AMPS) 





V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) ^ h FE , DC CURRENT GAIN 


MJ 13330, MJ 13331 



0 2 0.5 1.0 2 0 5.0 10 20 


l C , COLLECTOR CURRENT (AMPS) 


IGURE 3 - COLLECTOR-EMITTER SATURATION REGION 




-0.2 0 +0.2 +0.4 +0.6 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



0.01 0 02 0 05 0.1 0.2 0.5 1.0 2 0 5. 

I B , BASE CURRENT (AMP) 



FIGURE 6 - CAPACITANCE 



V R , REVERSE VOLTAGE (VOLTS) 




l B2{pk)> BASE CURRENT fAMP) 


MJ13330 f MJ13331 


SWITCHING TIMES NOTE 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 8 - REVERSE BASE CURRENT versus 
VBE(off) WITH NO EXTERNAL BASE RESISTANCE 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following, 
new terms have been defined. 

t sv = Voltage Storage Time, 90% Igl to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | am p 
tfj = Current Fall Time, 90-10% lc 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | am p to 10% Iq 
A n enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 Vcc'C^c^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN-ON SWITCHING TIMES FIGURE 10 - TURN-OFF SWITCHING TIMES 
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MJ 13330, MJ13331 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VcEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


470 125 54712 5R1 

2 W I 


All Diodes - 1N4934 430 S 

All NPN - MJE200 
All PNP - MJE210 

Adjust R 1 to obtain lg-| 

For switching and RBSOA, R2 = 0 
For B V CEO ( S us). R2 = °° 


ig 1 adjusted to 
obtain the forced 
h FE desired 
TURN OFF TIME 
Use inductive switching 


L co , | = 80 mH V cc = 10 V 
R coil = 0 7 n 


L co ,| = 180 nH 
r co .i - o os n 

V cc = 20 V 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


input W or JL , ) , ^ 

See Above for Equivalent ^ < j 

Detailed Conditions V . -L 

clamp -=- V cc 


C(pk) / V- t( Clamped 



Time 


T est Equipment 
Scope — Tektronix 
475 or Equivalent 


FIGURE 11 - THERMAL RESPONSE 



READ TIME ATti 


Tj(pk)-Tc = P(pk)ZflJC(t) 


0 05 0.1 0 2 0 5 1 0 2 0 5 0 10 

t. TIME (ms) 









1 C(pk)' PEAK COLLECTOR CURRENT (AMPS) l Ci COLLECTOR CURRENT (AMP) 


MJ 13330, MJ13331 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



0 100 200 300 400 500 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V qE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) m ay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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SWITCHMODE A SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13332 through MJ13335 transistors are designed for 
high-voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switchmode applications such as: 

o Switching Regulators 
o Inverters 

© Solenoid and Relay Drivers 
o Motor Controls 
o Deflection Circuits 
Fast Turn-Off Times 

200 ns Inductive Fall Time— 25°C (Typ) 

1 .8 /is Inductive Storage Time— 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ13332 

MJ 13333 

MJ13334 

MJ13335 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

450 

500 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

700 

750 

800 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

>C 


20 


Adc 

Peak (1) 

■CM 


30 



Base Current — Continuous 

•b 


10 


Adc 

Peak (1) 

>BM 


15 



Total Power Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

@ T c - 100°C 



100 



Derate above 25°C 



1.0 


W/°C 

Operating and Storage Junction 

t J< T stg 


-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°c/w 

Maximum Lead Temperature for Soldering 

Purposes: 1/8” from Case for 5 Seconds 

t l 

275 

°c 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 

Similar device types available with lower V^go ratings, see the MJ13330 (200 V) and 
MJ13331 (250 V). 


^Trademark of Motorola Inc. 



' Designer's Data for 
"Worst Case" Conditions 

The Designers* Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 
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MJ 13332, MJ13333, MJ13334, MJ13335 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 

Characteristic { Symbol | Min { Typ | Max | Unit 

OFF CHARACTERISTICS ~ ~~ ~~ ~~ 


Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 100 mA, l B =0) MJ13330 

MJ13331 

v CEO(sus) 

200 

250 

- 

~ 

Vdc 

Collector Cutoff Current 

(Vcev = Fiated Value, V BE ( 0 ff) = 1 .5 Vdc) 

(V C EV = Rated Value, V BE ( off ) = 1.5 Vdc, T c = 150°C) 

*CEV 

- 

- 

0.25 

5 

mAdc 

Collector Cutoff Current 

(V C e = Rated V CEV . RbE = 50 T c = 100°C) 

'CER 

_ 

— 

5 

mAdc 

Emitter Cutoff Current 
(V E B = 6 Vdc, lc - 0) 

'EBO 

" 

~ 

0.5 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 12 


Clamped Inductive SOA with base reverse biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 5 Adc, Vq E = 5 Vdc) 

<IC = 10 Adc, V CE = 5 Vdc) 

h FE 

15 

8.0 

- 

75 

40 

~ 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 10 Adc, l B = 1.5 Adc) 


_ 

- 

1.5 


(|0 = 20 Adc, l B = 5 Adc) 


- 

- 

3.5 


(l c = 10 Adc, l B = 1.8 Adc, Tq = 100°C) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat> 




Vdc 

(l C = 10 Adc, l B = 1.5 Adc) 


- 

- 

1.8 


(1C = 10 Adc, l B = 1 .8 Adc, Tc = 100°C) 



- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c - 300 mAdc, V CE = 10 Vdc, f test = 1 MHz) 

*T 

5 

- 

40 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 100 kHz) 

Cob 

100 

- 

400 

PF 


SWITCHING CHARACTERSITICS 


Resistive Load (Table 1) | 

Delay Time 

(V C c = 175 Vdc. I C = 10 A, I B1 = 1.5 Adc, 
v BE(off> = 5 Vdc < tp = 50 ms. Duty Cycle < 2%) 

. t d 

- 

0.08 

0.20 

MS 

Rise Time 

t r 

- 

0.55 

1.0 

MS 

Storage Time 

ts 

- 

0.70 

3.5 

MS 

Fall Time 

If 

- 

0.11 

0.7 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

(l c = 10 A(pk), V c | arnp = 200 Vdc, I B1 =1.8 Adc. 
^BE(off) = 5 Vdc, T C = 100°C) 

(l c = 10 A(pk), V c | amp = 200 Vdc, l B i = 1.5 Adc, 
VBE(off) = 5Vdc,T C = 25°C) 

tsv 

- 

1.35 

4.5 

MS 

Crossover Time 

l c 

- 

0.45 

1.8 

MS 

Storage Time 

x s v 

- 

0.90 

- 

MS 

Crossover Time 

•> tc 

- 

0.15 

- 

MS 

Fall Time 

tfi 

- 

0.075 

- 

MS 


(1) Pulse Test: PW = 300 ms, Duty Cycle < 2%. 
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l B2 (pk). BASE CURRENT (AMP) 


MJ 13332, MJ 13333, MJ13334, MJ13335 




TIME 


FIGURE 8 - REVERSE BASE CURRENT 
versus BASE EMITTER VOLTAGE 



SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and- hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% Ibi to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1 / 2 Vcc'c^c^ 

In general,^ t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING 



1.0 2.0 5.0 10 20 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 - TURN-OFF TIME 
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•C(pk)> PEAK COLLECTOR CURRENT (AMPS) ! c . COLLECTOR CURRENT (AMP) 


MJ 13332, MJ 13333, MJ13334, MJ13335 


SAFE OPERATING AREA INFORMATION 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 400 500 


FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 
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FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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NPN 


PNP 


!M4tH 1114®®! 


AcUvaimc© SnufformrusitfiOEii 

HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for use in high-power amplifier and switching circuit 
applications. 

© High Current Capability — lc Continuous = 70 Amperes 

o DC Current Gain — hpE = 1 5- 100 @ Iq = 50 Adc 

o Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 2.5 Vdc (Max) @,lc = 50 Adc 


MAXIMUM RATINGS 



1 

MJ14000 

MJ14002 


Rating 

Symbol 

MJ14001 

MJ14003 

Unit 

Collector-Emitter Voltage . 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

v CBO 

60 

80 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector Current — Continuous 

<c 

70 

Adc 

Base Current — Contiguous 

'b 

15 

Adc 

Emitter Current — Continuous 

■e 

85 

Adc 

Total Power Dissipation @Tq = 25°C 

Pd 

300 

Watts 

Derate above 25°C 




W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.584 

°C/W 


FIGURE 1 - DC CURRENT GAIN 



0.7 1 2 3 5 7 10 20 30 50 70 

l C , COLLECTOR CURRENT (AMP) 

This is advance information and specifications are subject to change without notice. 


70 AMPERES 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
300 WATTS 
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STYLE 1: 

PIN 1. BASE 

2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS INCHES 

MIN I MAX MIN 1 MAX 

A 

38.35 39.37 1.510 

1.550 

B 

19.30 21.08 0.760 

0.830 

C 

6.35 7.62 0.250 

0.300 

D 

1.45 1.60 0.057 

0.063 

E 

3.43 - 

0.135 

F 

29.90 30.40 1.177 

1.197 

6 

10.67 11.18 0.420 

0.440 

N 

5.21 5.72 0.205 

0.225 

J 

16.64 17.15 0.655 

0.675 

K 

11.18 12.19 0.440 

0.480 

Q 

3.84 4.09 0.151 

0.161 

R 

24.89 26.67 0.980 

1.050 

CASE 197-01 

MODIFIED TO-3 
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MJ14000 • MJ 14002 NPN 
MJ14001 ® MJ 14003 PIMP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic 1 Symbol I Min I Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

Oc = 200 mAdc, l B = 0) 

MJ14000, MJ14001 
MJ14002, MJ14003 

v CEO(sus) . 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mA 

(V C £ = 30 Vdc, l B = 0) 

MJ14000, MJ14001 


- 

1.0 


(V CE = 40 Vdc, l B = 0) 

MJ14002, MJ14003 


- 

1.0 


Collector Cutoff Current 


•CEX 



mA 

(Vce = 60 Vdc. V BE ( 0 ff) = 1.5 V) 

MJ14000, MJ14001 


- 

1.0 


(VcE = 80 Vdc, V B E(off) = 1.5 V) 

MJ14002, MJ14003 


- 

1.0 


Collector Cutoff Current 


•CBO 



mA 

(V C b = 60 Vdc, l E = 0) 

MJ14000, MJ14001 


- 

1.0 


(V CB = 80 Vdc, l E =0) 

MJ14002, MJ 14003 


- 

1.0 


Emitter Cutoff Current 


>EBO 

- 

1.0 

mA 

(V BE = 5 Vdc, ! C - 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 25 Adc, V CE = 3 V) 

(l c = 50 Adc, V CE = 3 V) 

(l c = 70 Adc, V CE = 3 V) 

h FE 

30 

15 

5 

100 

' 

Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l c = 25 Adc, l B = 2.5 Adc) 


- 

1 


(Iq = 50 Adc, l B = 5 Adc) 


- 

2.5 


(l c = 70 Adc, t B = 14 Adc) 


- 

' 3 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 



Vdc 

(l c = 25 Adc, l B = 2.5 Adc) 


- 

2 


(l c = 50 Adc, l B = 5 Adc) 


- 

3 


(l c = 70 Adc, l B = 14 Adc) 


- 

4 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

_ 

2000 

pF 

(Vqb = 10 Vdc, l E = 0, f = 0.1 MHz) 






(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 


FIGURE 2 - DC SAFE OPERATING AREA 
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COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15001 and MJ15002 are EPIBASE a power transistors 
designed for high power audio, disk head positioners and other 
linear applications. 


15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

140 VOLTS 
200 WATTS 


© High Safe Operating Area (100% Tested) — 
200 W @ 40 V 
50 W @ 100 V 

© For Low Distortion Complementary Designs 

o High DC Current Gain — 

hFE = 25 (Min) @ lc = 4 Adc 



Collector-Emitter Voltage 
Collector-Bass Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Base Current — Continuous 
Emitter Current — Continuous 
Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 
Operating and Storage Junction 

Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/16” from Case for <10s. 
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MJ15001 NPN 
MJ15002PNP 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted.) 


! Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(In - 200 mAdc, Ir = 0) 

VcEO(sus) 

140 

- 

Vdc 

Collector Cutoff Current 


- 



( Vce ® 140 Vdc, V B E(off) “1*5 Vdc) 




MAdc 

( V CE = 140 Vdc, V be (off) “ 1 -5 Vdc, T c = 150°C) 




mAdc 

Collector Cutoff Current 

>CEO 

- 

250 

MAdc 

(v C e = i 4 o vdc. Ib = o) 





Emitter Cutoff Current 


- 

100 

MAdc 

(V EB = 5 Vdc. I c = 0) 






Second Breakdown Collector Current with Base Forward Biased 




Adc 

(Vce = 40 Vdc, t = 1 s (non-repetitive)) 


5 

- 


(Vqe = 100 Vdc, t = 1 ( $ (non-repetitive) 


0.5 

- 



ON CHARACTERISTICS 


DC Current Gain 

(l C = 4 Adc, V CE = 2 Vdc) 

hFE 

25 

150 

- 

Collector-Emitter Saturation Voltage 
(l c = 4 Adc, l B = 0.4 Adc) 

v CE(sat) 

~ 

1 

Vdc 

Base-Emitter On Voltage 

(l c = 4 Adc, V CE = 2 Vdc) 

v BE(on) 


2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 0.5 Adc, V C E = 10 Vdc, f test = 0.5 MHz) 

*T 

2 

- 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f’test = 1 MHz) 

Oob 


1000 

pF 


(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations omthe powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc — Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj(pk) = 200°C;tc is vai iable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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V. VOLTAGE (VOLTS) ^ DC CURRENT GA(N C. CAPACITANCE (pF) 


MJ15001NPN 

MJ15002PNP 


TYPICAL CHARACTERISTICS 


FIGURE 2 - CAPACITANCES 


FIGURE 3 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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Vr, REVERSE VOLTAGE (VOLTS) 


Vce = 10 V 
. f, es t = 0.5 MHz . 
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FIGURE 4 - DC CURRENT GAIN 

TTH 1 1 200 | r- 
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FIGURE 5 - "ON" VOLTAGE 

-T 1 2.0 
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V C E, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ15001NPN 

MJ15002PNP 


FIGURE 6 - COLLECTOR SATURATION REGION 
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COMPLEMENTARY SILICON POWER TRANSISTORS 


The MJ 15003 and MJ 15004 are EPIBASE power transistors 
designed for high power audio, disk head positioners and other 
linear applications. 


o High Safe Operating Area (100% Tested) — 
250 W @ 50 V 

o For Low Distortion Complementary Designs 


® High DC Current Gain - 

hFE = 25 (Min) @ Iq = 5 Adc 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

140 

Vdc 

Collector-Base Voltage 

v CBO 

140 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector Current — Continuous 

•c 

20 

Adc 

Base Current — Continuous 

>b 

5 

Adc 

Emitter Current — Continuous 

lE 

25 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

PD 

250 

1.43 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

TjTstg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.70 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/16" from Case for <10s. 

t l 

265 

°c 



20 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

140 VOLTS 
250 WATTS 




PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39 37 

_ 

1.550 

B 

- 


- 

■ilERil 

C 

6 35 

7.62 

0.250 

■iETiTili 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

MEM 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

k 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
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MJ 15003 NPN MJ15004 PIMP 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

[ Characteristic | Symbol | Min } Max \ Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(1C 200 mAdc, Ig = 0) 

v CEO(sus) 

140 

- 

Vdc 

Collector Cutoff Current 

'CEX 




( V CE = 140 Vdc, V BE ( off) = 1.5 Vdc) 

_ 

100 

MAdc 

( V C £ = 140 Vdc, VgE( 0 ff) = 1 .5 Vdc, T c = 150°C) 


- 

2 

mAdc 

Collector Cutoff Current 
(V CE = 140 Vdc, Ig = 0) 

'CEO 

— 

250 

MAdc 

Emitter Cutoff Current 
(V EB = 5 Vdc, l c = 0) 

'EBO 

•- 

100 

MAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 



Adc 

(VcE = 50 Vdc, t - 1 s (non-repetitive) 


5 

- 


(VcE = 100 Vdc, t = 1 s (non-repetitive) 


. 1 

- 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 5 Adc, VcE = 2 Vdc) 

h FE 

25 

150 


Collector-Emitter Saturation Voltage 
(l c = 5 Adc. Ig =0.5 Adc) 

v CE(sat) 

- 

1 

Vdc 

Base-Emitter On Voltage 

(Iq = 5 Adc, Vq E = 2 Vdc) 

v BE(on) 

~ 

2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

't 



MHz 

(l c = 0.5 Adc, V CE = 10 Vdc, f tes t = 0 5 MHz > 


2 

- 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f tes t = 1 MHz) 

Oob 

- 

1000 

pF 


( 1 ) Pulse Test. Pulse Width = 300 ms, Duty Cycle = 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq -- Vq E limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj( p |<) = 200°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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Vce. COL LECTOR EMITTER VOLTAGE (VOLTS) 




10 AMPERE 


AdLvainiee Imfo^mniaLtloini 


COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15011 and MJ15012 are Power Base power transistors 
designed for high-power audio, disk head positioners, and other 
linear applications. These devices can also be used in power 
switching circuits such as relay or solenoid drivers, dc-to-dc 
converters or inverters. 

o High Safe Operating Area (100% Tested) 

1.2 A @ 100 V 

© Completely Characterized for Linear Operation 
Q High DC Current Gain and Low Saturation Voltage 
hpE “ 20 (Min) @2 A, 2 V 
' VcE(sat) = 2.5 V (Max) @ l C = 4 A, l B = 0.4 A 
o For Low Distortion Complementary Designs 


MAXIMUM RATI MGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

250 

Vdc 

Collector-Emitter Voltage 

VCEX 

250 

Vdc 

Emitter-Base Voltage 

V EB 

5 

Vdc 

Collector Current — Continuous 

•c 

10 

Adc 

- Peak (1) 

•cm 

15 


Base Current — Continuous 

•b 

2 

Adc 

- Peak (1) 

•bm 

5 


Emitter Current — Continuous 

•e 

12 

Adc 

— Peak (1 ) 

• em 

20 


Total Power Dissipation @ Tq = 25°C 

Pd • 

200 

Watts 

Derate above 25°C 


1.14 

W/°C 

Operating and Storage Junction 

Tj. T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.875 

°C/W 

Maximum Lead Temperature for 

t l 

265 

°C 

Soldering Purposes 




(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle 10%. 


COMPLEMENTARY 
POWER TRANSISTORS 

250 VOLTS 
200 WATTS 


•A 



PLANE 


C 


K 

i 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 



This is advance information and specifications are subject to change without notice. 
Power Base is a trademark of Motorola. 



MJ15011 NPN © MJ15012 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(I C = 100 mA) 

v CEO(sus) 

250 

- 

Vdc 

Collector Cutoff Current 
(V CE = 200 Vdc) 

‘CEO 

- 

1 

mAdc 

Collector Cutoff Current 

(V CE = 250 Vdc, V BE ( off ) = 1 .5 Vdc) 

ICEX 

- 

500 

AiAdc 

Emitter Cutoff Current 
(V BE = 5 Vdc) 

>EBO 

— 

500 

juAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 2 Adc, V CE = 2 Vdc) 

(l c = 4 Adc, V CE = 2 Vdc) 

h FE 

20 

5 

100 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 2 Adc, l B = 0.2 Adc) 


- 

0.8 


(l C = 4 Adc, l B = 0.4 Adc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 

- 

2 

Vdc 

(IC = 4 Adc, V CE = 2 Vdc) 






DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

250 

pF 

(V CB ■= 10 Vdc, f = 1 MHz) 






- SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 



Adc 

(V CE = 50 Vdc, t = 0.5 s) 

4 

- 


(V CE = 100 Vdc, t = 0.5 s) 


1.2 

- 



(1 ) Pulse Test: Pulse Width = 300 jus, Duty Cycle < 2%. 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



|_ BONDING WIRE LIMIT 

— THERMAL LIMIT @T C = 25°C 

(SINGLE PULSE) 

SECOND BREAKDOWN LIMIT 


15 20 30 50 70 100 150 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



NPN 

IVO 15 022 
MJ15024 


SILICON POWER TRANSISTORS 


The MJ15022 and MJ15024 are PowerBase power transistors 
designed for high power audio, disk head positioners and other 
linear applications. 


• High Safe Operating Area (100% Tested) - 
2 A @ 80 V 

® High DC Current Gain - 

hpE = 15 (Min) @ lc = 8 Adc 


16 AMPERE 
SILICON 

POWER TRANSISTORS 

200 and 250 VOLTS 
250 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ15022 

MJ15024 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

250 

Vdc 

Collector-Base Voltage 

v CBO 

350 

400 

Vdc 

Emitter-Base Voltage 

v EBO 

7 

Vdc 

Collector-Emitter Voltage 

VCEX 

400 

Vdc 

Collector Current — Continuous 

>c 

16 

Adc 

Peak (1) 


30 


Base Current — Continuous 

*B 

5 

Adc 

Total Power Dissipation @ Tq = 25°C 

P D 

250 

Watts 

Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 


.. 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.70 

°c/w 

( 1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 



A r— i 

1- B H 

c 


1 1 

1 


—f 

1 

L 

SEATING 

— 

0 

1 

K 

1 


PLANE 

F 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6 35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G “ 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 | 

0.220 

J 

16.64 

17.15 

0.655 1 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11 01 
(TO-3) 
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MJ15022, MJ15024 NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

| . Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l c /l00 mAdc, l B = 0) 

MJ15022 

MJ15024 

VcEO(sus) 

200 

250 



Collector Cutoff Current 


'CEX 




(V CE = 200 Vdc, V BE ( off ) = 1 .5 Vdc) 

MJ15022 


_ 

250 

MAdc 

(Vce = 250 Vdc, VgE(off) = 1 -5 Vdc) 

MJ15024 


- 

250 


Collector Cutoff Current 


'CEO 



MAdc 

(V CE = 150 Vdc, l B = 0) 

MJ15022 


- 

500 


(V CE = 200 Vdc, l B = 0) 

MJ15024 


- 

500 


Emitter Cutoff Current 


•ebo 

- 

500 

MAdc 

(V CE = 7 Vdc, l B = 0) 

' Both 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 



Adc 

(Vce = 50 Vdc, t = 0.5 s (non-repetitive)) 

5 

- 


(Vce = 80 Vdc, t = 0.5 s (non-repetitive)) 


2 

- 



ON CHARACTERISTICS 


DC Current Gain 

' h FE 




(Iq = 8 Adc, Vq E = 4 Vdc) 


15 

60 


(l C = 16 Adc, V CE = 4 Vdc) 


5 

- 


Collector-Emitter Saturation Voltage 

Vce (sat) 



Vdc 

(l c =8 Adc, l B = 0.8 Adc) 


- 

1.4 


(l c = 16 Adc, l B = 3.2 Adc) 


- 

4.0 


Base-Emitter On Voltage 

v BE(on) 

- 

2.2 

Vdc 

(Iq = 8 Adc, V CE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(l c = 1 Adc, V CE = .10 Vdc, f tes t = 1 MHz) 

»T 

4 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 1 MHz) 

c ob 

_ 

500 

pF 


(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqjt limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj( p |<) = 200 °C;Tq is variable 
depending on conditions. At high case temjaeratures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 


. . . designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• Intended as Economical Substitutes for the Electrically Similar 

TIP51 thru TIP53 Series 

• High Collector-Emitter Sustaining Voltage @ 25 mAdc 

v CEO(sus) = 250 V(min) - MJE51T 
= 300 V(min) — MJE52T 
= 350 V(min) — MJE53T 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE51T 

MJE52T 

MJE53T 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 

Vdc 

Collector-Base Voltage 

V CB 

350 

400 

450 

Vdc 

Emitter -Base Voltage 

< 

m 

CD 

-6.0— ► 

Vdc 



Collector Current - Continuous 
- Peak 


Total Power Dissipation (§■' T q - 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


S 

- c 

— B — 

T 




P” 1 

.TIIT 


M 



Characteristic 

Symbol 

Max 

Unit 


Thermal Resistance, Junction to Case 

R 0JC 

1.56 

°C/W 


style 1. 

PIN 1. BASE 

2 COLLECTOR 

3 EMITTER 

4. COLLECTOR 


NOTE 

1 DIM L & H APPLIES 
TO ALL LEADS 



DIM 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.79 

0 380 

0.405 

C 

4.06 

4.82 

0.160 

0.1.90 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0014 

0 022 

K 

T 2.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

H 

4.8 JL 

5.33 

0.190 ! 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

- 1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0 050 

V 

1 14 


0.045 

- 


CASE 221A-02 
TO220AB 







MJE51T thru MJE53T 


ELECTRICAL CHARACTERISTICS (T c 

= 25°C ui 

| Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ( 1 ) 

(l c = 25 mAdc, l B = 0) 

MJE51T 

MJE52T 

MJE53T 

Collector Cutoff Current 
(V C E = 150 Vdc, l B = 0) 

(V C E = 200 Vdc, l B = 0) 

' (V C £ = 250 Vdc, l B = 0) 

MJE51T 

MJE52T 

MJE53T 

Collector Cutoff Current 

(V CE = 350 Vdc, V BE = 0) 

( V CE = 400 Vdc, V BE = 0) 

(V CE - 450 Vdc, V bE = 0) 

MJE51 

MJE52 

MJE53 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 


ON CHARACTERISTICS 


DC Current Gain( 1 ) 

(l c = 0.3 Adc, V CE = 10 Vdc) 

(l c = 5.0 Adc, V CE = 10 Vdc) 
Collector-Emitter Saturation Voltage 
0c = 5 0 Adc ' 'B = 2.0 Adc) 

Base-Emitter On Voltage 

(l c = 5.0 Adc, V CE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 
Small-Signal Current Gain 

(l c = 0.2 Adc, V CE = 10 Vdc, f = 1.0 MHz) 
Small-Signal Current Gam 

(l c - 0.2 Adc, V CE = 10 Vdc, f = 1.0 kHz) 
Output Capacitance 

(V C b = 10 Vdc, l E = 0. f = 0.1 MHz) 
SWITCHING CHARACTERISTICS 
Turn-On T ime 

(Vcc = 125 Vdc, V BE ( 0 f f ) = 5.0 Vdc, 

Iq = 2.5 Adc, Igi = 1 02 = 0.5 Adc) 

T urn-Off Time 

(Vcc = 125 Vdc, Iq = 2.5 Adc, 
v BE(off) = 5.0 Vdc, Igi = l B 2 = 0.5 Adc) 


^ HPulse Test: Pulse Widths 300 ms; Duty Cycle < 2.0% 


iless otherwise noted). 


] Symbol 


v CEO(sus) 


'CEO 


'CES 


'EBO 


h FE 


v CE(sat) 


v BE(on) 



lhf e l 


hfe 


^ob 



l on 


*off 



Ic. COLLECTOR CURRENT (AMP) 


MJE51T thru MJE53T 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - DC CURRENT GAIN 


Vcc 

+ 125 V 



t r , t{ -2150 ns 
DUTY CYCLE = 1 0% 



RB and Rc VARIE0 TO OBTAIN DESIREO CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg 
MB05300 USED ABOVE Ib "100 mA 
MSD6100 USED BELOW Ib ^ 100 mA 



0.05 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 4 is based on Tq = 25°C; Tj( p |<) is 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p j<) < 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. Second breakdown limitations do not derate 
the same as thermal limitations. Allowable current at the voltages 
shown on Figure 4 may be found at any case temperature by 
using the appropriate curve on Figure 1. 
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MJE105 (SILICON) 


MEDIUM-POWER PNP SILICON TRANSISTOR 

... for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

® High DC Current Gain — hp£ = 25-100 @ Iq = 2.0 A 
• Thermopad High-Efficiency Compact Package 
° Complementary to NPN MJE205 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

■c 

5.0 

Adc 

Base Current 

>B 

2.5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

p d u) 

65 

0.522 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J< "l"stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.92 

°C/W 


( 1 ) Safe Area Curves are indicated by F igure 1 . Both limits are applicable and must be observed. 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | Symbol | Min | Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 

(l C = 100 mAdc, l B = 0) 

bvceo 

50 


Vdc 

Collector Cutoff Current 

'CBO 



mAdc 

(V CB = 50 Vdc, l E = 0) 


- 

0.1 


(V C b = 50 Vdc. I E = 0, T C = 1 50°C) 


- 

2.0 


Emitter Cutoff Current 

'EBO 



mAdc 

(V BE = 4.0 Vdc, l c = 0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(l C =2.0 Adc, V CE = 2.0 Vdc) 

h FE 

25 

100 

- 

Base-Emitter Voltage 

(1C = 2.0 Adc, V CE = 2.0 Vdc) 

V BE 


1.2 

Vdc 


(2) Pulse T est: Pulse Width ^300 /is, Duty Cycle 2.0%. 


5 AMPERE 

POWER TRANSISTOR 

PNP SILICON 

50 VOLTS 
65 WATTS 



M 


1 2^3 

w 


v A 

Th 


T-f 

A 


it— D 






i± 




STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

go- 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 
TO-127 
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Ic. COLLECTOR CURRENT (AMPS) 


MJE105 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
The data of Figure 1 is based on Tj( pk ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk ) ^150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 


FIGURE 2 - "ON" VOLTAGES 



IC. COLLECTOR CURRENT (AMPS) 


FIGURE 3 - DC CURRENT GAIN 



IC. COLLECTOR CURRENT (AMPS) 



Tc. CASE TEMPERATURE (0C) 
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PIMP (SILICON) 
NPN 


COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high 
speed switching applications. 

® Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 40 Vdc - MJE170, MJE180 
= 60 Vdc — MJE171, MJE181 
= 80 Vdc - MJE172, MJE182 
® DC Current Gain — 

hpE = 30 (Min) @ \q = 0.5 Adc 
= 12 (Min) @ lc = 1.5 Adc 
® Current-Gain — Bandwidth Product - 
fj = 50 MHz (Min) @\ c = 100 mAdc 
® Annular Construction for Low Leakages - 
ICBO = 100 nA (Max) @ Rated Vqb 

MAXIMUM RATINGS 


Rating 

Symbol 

MJE170 MJE171 MJE172 
MJE180 MJE181 MJE182 

Unit 

Collector-Base Voltage 

V CB 

60 80 100 

Vdc 

Collector-Emitter Voltage 

v CEO 

40 60 80 

Vdc 

Emitter-Base Voltage 

V EB 

70 

Vdc 

Collector Current Continuous 

Peak 

>c 

3.0 

6.0 

Adc 

Base Current 

•b 

1.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

p d 

1.5 

0.012 

Watts 

W/°C 

Total Power Dissipation @ Tq - 25°C 
Derate above 25°C 

p D 

12.5 

0.1 — 

Watts 

W/°C 

Operating and Storage Junction 

Tj, r stg 

— 65 to -1150 — 

°C 


Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

10 

o 

O j 

s 1 

Thermal Resistance, Junction to 

°JA 

83.4 

°C/W 


FIGURE 1 - POWER DERATING 
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3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80 VOLTS 
12.5 WATTS 



- 14 * 1 / 


4 |l 

LpgJ_i 


J 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


MILLIMETERS 1 

1 INCHES 

MIN 

MAX 

MIN 

MAX 

10.80 

11.05 

0.425 

0.435 

7.49 

7.75 

0.295 

0.305 

2.41 

2.67 

0.095 

0.105 

0.51 

0.66 

0.020 

0.026 

2.92 

3.18 

0.115 1 

0.125 

2.31 

2.46 

0.091 

0.097 

2.16 

2.41 

0.085 

0.095 

0.38 

0.64 

0.015 

0.025 

15.37 

16.64 

0.605 | 

0.655 

3 

3 typ 

1 3° TYP 

3.76 

4.01 

0.148 

0.158 

1.14 

1.40 

0.045 

0.055 

0.64 

0.89 

0.025 

0.035 

3.68 

3.94 

0.145 

0.155 

1.02 


0.040 

_ 


CASE 77-03 
TO-126 



MJE170, MJE171, MJE172, PIMP MJE180, MJE181, MJE182 NPN 


ELECTR ICAL CHAR ACTE R I ST ICS (Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol | Min 


OFF CHARACTERISTICS 



Collector-Emitter Saturation Voltage 
(l C = 500 mAdc, l B = 50 mAdc) 
(l C = 1.5 Adc, l B = 150 mAdc) 

(l C = 3.0 Adc, l B - 600 mAdc) 


Base-Emitter Saturation Voltage 
(l c = 1.5 Adc, l B = 150 mAdc) 

(l C = 3.0 Adc, l B = 600 mAdc) 

Base-Emitter On Voltage 
(l C = 500 mAdc, V CE = 1.0 Vdc) 

DYNAMIC CHARACTERISTICS 


v BE(sat) 

v BE(on) 


Current-Gain — Bandwidth Product (1) 

(l C = 100 mAdc, V C E = 10 Vdc, f tes t = 10 MHz) 

^T 

50 

_ 

MHz 

Output Capacitance 

Cob 



pF 

(Vqb = 10 Vdc, l E = 0, f = 0.1 MHz) MJE170/MJE172 


— 

50 


MJE180/MJE182 


• 

30 



(1) f j - | hf e | • f^ es t 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 
+30 V 


+11 Vi 

„J 

-9.0 V I 


t r , tf <110 ns 
DUTY CYCLE = 1.C 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE lg —100 mA 
MSD6100 USED BELOW Ib =100 mA 
For PNP test circuit, reverse all polarities. 



PNP MJE170/MJE172 
NPN MJE180/MJE182 


0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

1C, COLLECTOR CURRENT (AMP) 








MJE170, MJE171, MJE172, PNP MJE180, MJE181, MJE182 NPN 


FIGURE 4 - THERMAL RESPONSE 



ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - MJE170, MJE171, MJE172 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor — average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj(pk) = 150°C; Tq is 



0.03 0 05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 6 - MJE180, MJE181, MJE182 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjfpk) < 150°C. T j(p|<) 
may be calculated from the data in F igure 4. At high case tempera- 
ture, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 


Vr, REVERSE VOLTAGE (VOLTS) 
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MJE200 NPN (SILICON) 

MJE210 pnp 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low voltage, low-power, high-gain audio amplifier 
applications. 

• Collector-Emitter Sustaining Voltage -- 

VcEO(sus) = 25 Vdc (Min) @ Iq = 10 mAdc 

• High DC Current Gain - hp£ = 70 (Mm) @ Iq = 500 mAdc 

= 45 (Min) @ Iq = 2.0 Adc 
= 10 (Min) @ l C = 5.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.3 Vdc (Max) @ Iq = 500 mAdc 
= 0.75 Vdc (Max) @ Iq = 2.0 Adc 

® High Current-Gain - Bandwidth Product - 
fj = 65 MHz (Min) @ Iq = 100 mAdc 

• Annular Construction for Low Leakage — IqbO = 100 nAdc@ Rated Vqb 
MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

40 

Vdc 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Emitter-Base Voltage 

< 

m 

8.0 

Vdc 

Collector Current — Continuous 

'c 

5.0 

Adc 

Peak 


10 


Base Current 

•b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Total Power Dissipation @ T^ = 25°C 

P D 

1.5 

Watts 

Derate above 25°C 


0.012 

W/°C 

Operating and Storage Junction 

T J< T Stg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

tfJC 

8.34 

°C/W 

Thermal Resistance, Junction to Ambient 

°JA 

83.4 

°C/W 


FIGURE 1 - POWER DERATING 



5 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

25 VOLTS 
15 WATTS 



-•Vrl/ 


° t 

1 A 


U U L 

s 1±4Ud 


MILLIMETERS 
DIM MIN MAX 

A 10,80 11.05 

B 7.49 7,75 

C 2.41 2.67 

D 0.51 0.66 

F 2.92 3.18 

G 2.31 2.46 

H 2.16 2.41 

J 0.38 0.64 

K 15.37 16.64 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 

INCHES 
MIN MAX~ 

0.425 0.435 

0.295 0,305 

0.095 0.105 

0.020 0,026 
0.115 0.125 

0.091 0.097 

0.085 0.095 

0.015 0.025 

0.605 0.655~ 

3° TYP 


20 40 60 


80 100 120 140 160 

T, TEMPERATURE (°C) 


Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

u 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 

CASE 77-03 

TO-126 





MJE200, NPN MJE210 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

v CEO(sus) 

' 25 

_ 

Vdc 

0c = 10 mAdc, Ig = O) 




Collector Cutoff Current 

•CBO 




(V C B = 40 Vdc, l E = 0) 

- 

100 

nAdc 

(V CB = 40 Vdc, l E = 0, Tj = 125°C) 


- 

100 

/uAdc 

Emitter Cutoff Current 

•ebo 



nAdc 

(V B e = 8.0 Vdc, l C = 0) 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 

OC = 500 mAdc, V CE = 1.0 Vdc) 

(l C = 2.0 Adc, V CE = 1.0 Vdc) 

(l C = 5.0 Adc, V CE = 2.0 Vdc) 

hFE 

70 

45 

10 

180 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(lC = 500 mAdc, l B = 50 mAdc) 


- 

0.3 


(l c - 2.0 Adc, l B = 200 mAdc) 


- 

0.75 


(lC = 5.0 Adc, l B = 1.0 Adc) 



1.8 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 

- 

2.5 

Vdc 

(l C = 5.0 Adc, l B - 1.0 Adc) 





Base-Emitter On Voltage (1) 

v BE(on) 

- 

1.6 

Vdc 

(Iq = 2.0 Adc, Vq E = 1.0 Vdc 






DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product (2) 

(l C = 100 mAdc, V CE - 10 Vdc, f test = 10 MHz) 

fT 

65 

- 

MHz 

Output Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 0.1 MHz) MJE200 

MJE210 

Cob 

- 

80 

120 

pF 


( 1 ) Pulse test: Pulse Width = 300 /us, Duty Cycle ^ 2.0%. 
12) fT = I hfel • ftest 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


I 25 ms 

r — - 

+ 11 V | 

0 - J 

-9 0 V 


t r , tf <T0 ns 
DUTY CYCLE = 1 0% 



RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib ^100 mA 
MSD6100 USED BELOW Ib 'TOO mA 

FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 


300 

200 


100 

70 

I' 50 

| 30 
20 


10 

7.0 

5.0 

3.0 

0 05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5 0 

1C, COLLECTOR CURRENT (AMP) 
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r(t), TRANSIENT THERMAL RESISTANCE 

t, TIME (ns) lc. COLLECTOR CURRENT (AMP) (NORMALIZED) 


MJE200, NPN MJE210 PNP 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown. 
Safe operating area curves indicate Ic ^CE limits of the transistor 
that must be observed for reliable operation, i e , the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p j < ) = 150°C; Tq is variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. Tjip^) may be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - TURN OFF TIME 
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Osj, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


MJE200, NPN MJE210 PNP 


NPN I PNP 

MJE200 I MJE210 

FIGURE 8 - DC CURRENT GAIN 
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1C, COLLECTOR CURRENT (AMP) 


FIGURE 9 - "ON" VOLTAGE 
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1C, COLLECTOR CURRENT (AMP) 
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1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 - TEMPERATURE COEFFICIENTS 
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MJE205 (silicon) 


MEDIUM-POWER NPN SILICON TRANSISTOR 


. . . for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

• High DC Current Gain — hp£ = 25-100 @ lc = 2.0 A 
•Thermopad High-Efficiency Compact Package 
•Complementary to PNP MJE 105 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

>C 

5.0 

Adc 

Base Current 

! b 

2.5 

Adc 

Total Device Dissipation @Tq = 25' j C 

PDt 

65 

Watts 

Derate above 25°C 


0.522 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj. T $t g 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

W JC 

1.92 

°C/W 


tSafe Area Curves are indicated by Figure 1 . Both limits are applicable and must be observed. 


E LECTR ICA L CHARACTER ISTICS (Tq = 25°C unless otherwise noted) 


[ Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltaget 
(1 c = 100 mAdc, l B = 0) 

OVCEO^ 

50 


Vdc 

Collector Cutoff Current 

'CBO 



mAdc 

(V C8 = 50 Vdc, l E = 0) 


~ 

0.1 


( V CB = 50 Vdc, 1 E - 0, T C = 1 50°C) 


- 

2.0 


Emitter Cutoff Current 

'EBO 



mAdc 

(V BE = 4.0 Vdc, l c = 0) 


- 

1.0 


ON CHARACTERISTICS 

DC Current Gain 

hpE 



_ 

(l C = 2.0 Adc, V CE = 2.0 Vdc) 


25 

100 


Base-Emitter Voltage 

V BE 



Vdc 

dC = 2.0 Adc, V CE = 2.0 Vdc) 


“ 

1.2 



TPul se Test: Pulse Width^300 ps, Duty Cycle^2.0%. 


5 AMPERE 

POWER TRANSISTOR 

NPN SILICON 

50 VOLTS 
65 WATTS 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.16 

3 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

9° 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 
TO- 127 


4-543 







MJE205 


FIGURE 1 - ACTIVE REGION SAFE 
OPERATING AREA 



Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) 



0.01 0.02 0.03 0 05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMPS) 


Note 1 : 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj(p|<) = 150°C; T^ is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pj<) ^150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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FIGURE 4 - POWER DERATING 
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NPN 



PNP 

MJE250 thru 


MJE244 

MJE254 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low power audio amplifier and low-current, high- 
speed switching applications. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 80 Vdc (Min) - MJE240/2, MJE250/2 
= 100 Vdc (Min) - MJE243/4, MJE253/4 

• High DC Current Gain @ lc = 200 mAdc 

hFE = 40-200 - MJE240, MJE250 

= 40-120 - MJE241,243, MJE251,253 
= 25 (Min) - MJE242.44, MJE252,54 
® Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0-3 Vdc (Max) @ Iq = 500 mAdc 

• High Current Gain Bandwidth Product — 

fj = 40 MHz (Min) @ lc = 100 mAdc 
® Annular Construction for Low Leakages 
*CBO =100 nAdc (Max) @ Rated Vqb 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE240 

MJE241 

MJE242 

MJE2S0 

MJE251 

MJE2S2 

MJE243 

MJE244 

MJE253 

MJE254 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current - Continuous 

•c 

4.0 

Adc 

Peak 


8.0 


Base Current 


1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

P D . 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Total Power Dissipation @ T^ = 25°C 

p D ' 

1.5 

Watts 

Derate above 25°C 


0.012 

W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

8.34 

' *c/w 

Thermal Resistance, Junction to Ambient 

0JA 

83 4 

6 c/w 



4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

80, 100 VOLTS 
15 WATTS 



^ u rl X 



STYLE 6 

PIN I CATHODE 

2. GATE 

3. AN00E 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10 80 

11.05 

0 425 

0 435 

B 

7.49 

7 75 

0.295 

0.305 

C 

241 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0 026 

P 

2.92 

3.18 

0.115 

0 125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0 095 

J 

0.38 

0.64 

0.015 

0 025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3° T 

YP 

a 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

u 

3 68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 
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MJE240 thru MJE244, NPN, 
MJE250 thru MJE254, PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


I Characteristic 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = lOmAdc, l B = 0) 


MJE240.MJE241 .MJE242, 
MJE250.MJE251,MJE252 
MJE243,MJE244 


Collector Cutoff Current 
(V CB = 80 Vdc. I E = 0) 

(V CB = 100 Vdc. I E = 0) 

(V C E = 80 Vdc, l E = 0. T C » 125°C) 

(V CE = 100 Vdc. I E = 0, T C = 125°C) 

i 

MJE240.MJE241 .MJE242, 
MJE250.MJE251.MJE252 
MJE243.MJE244, 
MJE 253, MJE 254; 
MJE240,MJE241,MJE242 
MJE250.MJE251.MJE252, 
MJE243.MJE244 
MJE253.MJE254 

Emitter Cutoff Current 
(V BE = 7.0 Vdc, l c = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(1C = 200 mAdc, V^ E = 1.0 Vdc) 

MJE240,MJE250 
MJE241 ,MJE251, 
MJE243.MJE253 
MJE242.MJE252, 
MJE244.MJE254 

(l c = 1.0 Adc, Vce = 1.0 Vdc) 

MJE241.MJE251, 

MJE243.MJE253 

(IC= 1.0 Adc, V C E = 1.0 Vdc) 

MJE242.MJE252 

MJE244.MJE254 

(l C = 2.0 Adc, V C E = 1.0 Vdc) 

MJE 240, MJE 250 


Collector-Emitter Saturation Voltage 
(l c = 500 mAdc, l B = 50 mAdc) 
(l c = 1.0 Adc, l B = 100 mAdc) 

(1C = 2.0 Adc, l B = 200 mAdc) 


All Types 
MJE241,MJE251, 
M JE 243.MJE253 
MJE240, MJE250 


Symbol Min 


Base-Emitter Saturation Voltage 
(l c = 2.0 Adc, l B = 200 mAdc) 


Base-Emitter On Voltage 
(l c = 500 mAdc, V C E - 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(1C = 100 mAdc, V C E = 10 Vdc, f test = 10 MHz) 

Output Capacitance ——— 

(Vcb = 10 Vdc, l E = 0. f = 0.1 MHz) MJE240/MJE244 

MJE 250/M JE254 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t f , tf ns 
DUTY CYCLE = 1.0% 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ib -^100 mA 
MS06100 USED BELOW l B -100 mA 

FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 


MS»IH 


iSfiSSli aWwl 


0.2 0.4 0.6 1.0 

1C, COLLECTOR CURRENT (AMP) 








MJE240 thru MJE244, IMPN, 
MJE250 thru MJE254, PNP 


■FIGURE 4 - THERMAL RESPONSE 
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2.0 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


BONDING WIRE LIMITED 


THERMALLY LIMITED @ Tc = 25°C 


(SINGLE PULSE) 


CURVES APPLY BELOW 


RATED VcEO 


MJE240/MJE242, MJE250/MJE252 
MJE243/MJE244, MJE253/MJE254 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
, transistor average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'VcE limits of the transistor 
that must be observed for reliable operation; 1 e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p j<) = 150°C; Tq is variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j ( ^ 150°C. T j ( p k ) ma V be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 


■ 

■■■ 

ti i "i ~ 1 Til 1 nr T.r.25°cj_j 

111 

MI 

Vqc = 30 V 

Ir/lp = 70 

a 

s 

■■ 


- 'B1 = »B2 

-H-H h — — — 

E 


SSBSSSf 


■891 


SlilfilHM 


mmmmm 

s 

§ 

■■ 

■■ 

kbbsBbsI 

^sssSBS 

ti 

r m 9R5S! 
fuJiim 1 i mi 51 

««■■■ 


MJE240/M-JE244 1 
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MJE250/MJE254 

(PNP) 
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1C, COLLECTOR CURRENT (AMP) 




Vr, REVERSE VOLTAGE (VOLTS) 













6\j, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


MJE240 thru MJE244, NPN, 
MJE250 thru MJE254, PNP 



1C, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 



FIGURE 10 - TEMPERATURE COEFFICIENTS 
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MJE340 (SILICON) 


PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 


. useful for high-voltage general purpose applications. 


• Suitable for Transformerless, Line-Operated Equipment 

• Thermopad Construction Provides High Power Dissipation Rating 
for High Reliability 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


ON CHARACTERISTICS 


0.5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

300 VOLTS 
20 WATTS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

•c 

500 

mAdc 

Total Power Dissipation @ Tq = 25°C 

warn 

20 


Derate above 25°C 

— 

0.16 


Operating and Storage Junction 
Temperature Range 



o 

O 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Case 

0JC 

6.25 



Characteristic 

Symbol 

Min 

Max 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Uc = 10 mAdc, lg = 0) 

v CEO(sus) 



monn 

Collector Cutoff Current 
(V C b = 300 Vdc. I E = 0) 

*CBO 

- 

100 


Emitter Cutoff Current 
(V E B = 3.0 Vdc, l C f 0) 

>EBO 



im 


DC Current Gain 

hpE 



_ 

(l C = 50 mAdc, Vce = 10 Vdc) 






c 


Er 


s-f+t 


L7h 




Q 




STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 



MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3° TYP 

Q 

3.7G 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO- 126 


4-549 












MJE340 




1C. COLLECTOR CURRENT (mA) 


ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 3 - MJE340 



There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate IcVcE limits of the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected 
to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tjfpk) = 150°C; Tq is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 150°C. At high case temperatures, thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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1C. COLLECTOR CURRENT (mAdc) 
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MJE341 (silicon) 
MJE344 


PLASTIC NPN SILICON 
MEDIUM-POWER TRANSISTORS 

. . .useful for medium voltage applications requiring high f j such as 
converters and extended range amplifiers. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE341 

MJE344 

Unit 

Collector-Emitter Voltage 

v CEO 

150 

200 

Vdc 

Collector-Base Voltage 

V CB 

175 

200 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

5.0 

Vdc 

Collector Current — Continuous 

>c 

— 500 

mAdc 

Base Current 

<B 

250 

mAdc 

Total Power Dissipation @Tq = 25°C 
Derate above 25°C 

Pd 

20 

0.16 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

— ■ 65 to +150 — m~ 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

6.25 

°C/W 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tjfpk) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p k) < 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


0.5 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

150-200 VOLTS 
20 WATTS 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

m 

11.05 


0.435 

B 

7.49 

7.75 

trawl 


C 

2.41 

2.67 

iilitiUii 

OEM 

El 




ium.-ra 

mm 

2.92 

3.18 

liflEl 

HikirM 

G 

2.31 

2.46 



mm 

■CTI 51 

Ehfclil 


■miaS 

j 

0.38 


fiTilTB 

OEM 

K 

15.37 

16.64 

IE 1 


M 

3 

TYP 

3 ° T 

YP 

El 

■Em 

XEB 

ItJTEKl 

OEM 

El 

■nn 

■EH 

EBEl 


Is , 

0.64 


hiliwfc 

OEM 

ra 


Em 

SQSE0I 


□l 

1.02 

- 

0.040 

- 


CASE 77-03 
TO-126 
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MJE341, MJE344 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 


Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 1.0 mAdc, l B = 0) 

MJE341 

MJE344 

v CEO(sus) 

150 

200 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V C E= 150 Vdc, l B = 0) 

MJE341 


~ 

1.0 


(V C E = 200 Vdc, l B = 0) 

MJE344 


- 

1.0 


Collector Cutoff Current 


•CBO 



mAcbc 

(V C B= 175 Vdc, l E =0) 

MJE341 


_ 

0.3 


(V C B = 200 Vdc, l£ = 0) 

MJE344 



0.1 


Emitter Cutoff Current 


'EBO 



mAdc 

(V EB = 3.0 Vdc, l c = 0) 

MJE341 


- 

0.1 


(V EB = 5.0 Vdc, l C = 0) 

MJE344 


. ~ 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
(•C =10 mAdc, V CE = 10 Vdc) 

(l C = 50 mAdc, Vq E = 10 Vdc) 

(l C = 150 mAdc, Vqe = 10 Vdc) 

MJE341 

MJE341 

MJE344 

MJE341 

h FE 

20 

25 

30 

20 

200 

300 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(lC = 50 mAdc, l B = 5.0 mAdc) 

MJE344 


- 

1.0 


(l C = 150 mAdc, l B = 15 mAdc) 

MJE341 


- 

2.3 


Base-Emitter On Voltage 


v BE(on) 

- 

1.0 

Vdc 

(l C = 50 mAdc, V C E = 10 Vdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

U C = 50 mAdc, V CE = 25 Vdc, f = 10 MHz) 

*T 

15 

- 

MHz 

Output Capacitance 
(V C b = 20 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

15 

pF 

Small-Signal Current Gain 

(l C = 50 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

hf e 

25 

- 

- 


FIGURE 2 - DC CURRENT GAIN 
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1C, COLLECTOR CURRENT (mA) 
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ESSO (SILICON) 



PLASTIC MEDIUM POWER PNP 
SILICON TRANSISTOR 

. . . designed for use in line-operated applications such as low power, 
line-operated series pass and switching regulators requiring PNP 
capability. 

« High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 300 Vdc @ lc = 10 mAdc 

® Excellent DC Current Gain — 

hpE = 30-240 @ lc = 50 mAdc 

• Plastic Thermopad Package 


0.5 AMPERE 
POWER TRANSISTOR 
PNP SILICON 


300 VOLTS 
20 WATTS 



MAXIMUM RATINGS 


Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

3.0 

Vdc 

Collector Current - Continuous 

>C 

500 

mAdc 

Total Power Dissipation @ Tq = 25°C 

PD 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Operating and Storage Junction 

Tj.Tstg 

-65 to +1 50 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

6-25 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

v CEO(sus) 

300 

(1C =10 mAdc, l B = 0) 




Collector Cutoff Current 
(V CB - 300 Vdc, l E = 0) 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, l c = 0) 


ON CHARACTERISTICS 

DC Current Gain 
(l c = 50 mAdc, Vrp = 10 Vdc) 




















Ic, COLLECTOR CURRENT (mA) hFE. DC CURRENT GAIN 


MJE350 



5.0 7.0 10 20 30 50 70 100 200 300 500 


IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate \q - Vce- limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 3 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



5.0 7.0 10 20 30 50 70 100 200 300 500 

IC, COLLECTOR CURRENT (mA) 


FIGURE 4 - TEMPERATURE COEFFICIENTS 



FIGURE 5 - POWER DERATING 
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rtt). TRANSIENT THERMAL RESISTANCE (NORMALIZED) h FEl DC CURRENT GAIN l c . COLLECTOR CURRENT (AMP) 


MJE370 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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1.0 2.0 3.0 5.0 10 20 30 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqjt limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 based on Tj( pk ) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj) pk ) < 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 - DC CURRENT GAIN 



FIGURE 3 - "ON” VOLTAGE 



FIGURE 4 - THERMAL RESPONSE 
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PLASTIC MEDIUM-POWER PNP 

SILICON TRANSISTORS 

/ 

. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

© DC Current Gain - hpE = 40 (Min) @ lc = 1.0 Adc 
o MJE371 is Complementary to NPN MJE521 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

— Peak 

! C 

4.0 

8.0 

Adc 

Base Current — Continuous 

■b 

2.0 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

40 

320 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-65 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

°C/W 

ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic 

Symbol 

Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l c = 100 mAdc, l B = 0) 

VcEO(sus) 

40 

- 

Vdc 

Collector-Base Cutoff Current 
( V CB = 40 Vdc, l B = 0) 

'CBO 

— 

100 

juAdc 

Emitter-Base Cutoff Current 
(V eb = 4.0 Vdc, l c = 0) 

■ebo 

_ 

100 

juAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

h FE 

40 

- 

- 

(l c = 1.0 Adc, V C E = 10 Vdc) 






(1) Pulse Test: Pulse Width== 300 ms Duty Cycled 2.0%. 


4 AMPERE 

POWER TRANSISTORS 
PNP SILICON 


40 VOLTS 
40 WATTS 






STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 
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r(t), EFFECTIVE TRANSIENT 

THERMAL RESISTANCE (NORMALIZED) hFE. DC CURRENT GAIN. NORMALIZED 'C- COLLECTOR CURRENT (AMP) 


MJE371 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Thera are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq£ limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 Is based on Tj( p ( < ) = 150°C; Tq It 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) <£ 150°C. At 
high cas6 temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGE 
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FIGURE 4 - THERMAL RESPONSE 
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MJE520(sbucon) 


PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTOR 


. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain - hpE = 25 (Min) @ lc = 1.0 Adc 
« Complementary to PNP MJE370 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V C8 

30 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

4.0 

Vdc 

Collector Current — Continuous 

'C 

3.0 

Adc 

- Peak 


7.0 


Base Current — Continuous 

•b 

2.0 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

25 

0.2 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj. T st g 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

5 JC 

5.0 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25 c C unless otherwise noted) 


Characteristic 


Symbol 


Min Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = lOOmAdc, l B = 0) 

v CEO(sus) 

30 

- 

Vdc 

Collector-Base Cutoff Current 
(V CB = 30 Vdc. I E = 0) 

'CBO 

- 

100 

pAdc 

Emitter-Base Cutoff Current 
(V EB = 4.0 Vdc, l c = 0) 

'EBO 

i 

100 

/nAdc 


ON CHARACTERISTICS 


DC Current Gain ( 1 1 

(l c = 1.0 Adc, V CE = 1.0 Vdc) 

h FE 

25 

- 

- 

(1) Pulse Test: Pulse Width < 300 ps, 

Duty Cycle <2.0%. 





3 AMPERE 

POWER TRANSISTOR 

NPN SILICON 

30 VOLTS 
25 WATTS 



B 

T 

-* /-F 

A 

rA 

£25 

i|' — i 

0 1 

—I A-- 


\ ! 

_i i_L 


U 

-1 

i f 

K 

1 


2 

LI 

u-d JL 

V V CTVI C 1 




PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.42!) 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.37 

16.64 

0.605 

0.655 

M 

3 

B TYP 

3° T 

VP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 1 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-03 

TO-126 


4-559 







MJE520 


FIGURE 1 ACTIVE-REGION SAFE OPERATING AREA 




The data of Figure 1 based on Tj(p|<) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided (Tjp^) ^ 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 

Safe operating area curves indicate Iq - Vq^ limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 


FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4 - THERMAL RESPONSE 
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PNP 


MJE700 thru 1JE703 

NPN 

MJE800 thru MJE8I3 


. PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed to replace discrete driver and output stages in comple- 
mentary audio amplifier applications. 

• High DC Current Gain - 

hpE = 750 (Min) @ \q = 1.5 and 2.0 Adc 

® Monolithic Construction 

° Three Lead Design — Emitter-Base Resistors to Limit Leakage 
Multiplication are Built in. 


MAXIMUM RATINGS 



MJE700 

MJE702 


Rating 

Symbol 

MJE701 

MJE800 

MJE703 

MJE802 

Unit 



MJE801 

MJE803 


Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

■c 

4.0 

Adc 

Base Current 

! b 

0.1 

Adc 

Total Power Dissipation @ Tq = 25°C 

P D 

40 

Watts 

Derate above 25°C 


0.32 

W/°C 

Operating and Storage Junction 
Temperating Range 

T J< T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.13 

°C/W 



4.0 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 


60-80 VOLTS 
40 WATTS 




STYLE 6 

PIN 1. CATHODE 

2. GATE 

3. ANODE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

“ip 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

_HJ 

1.27 

2.41 

0.050 

0.095 

i\ 

0.38 

0.64 

0.015 

0.025 

~K~1 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3° T 

YP 

~Q| 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

0 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 


When mounting the device, torque not to 
exceed 6\0 in. -lb. 

If lead bending is required, use suitable 
clamps or other supports between transistor 
fase and point of bend. 
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MJE700 thru MJE703PNP/ MJE800 thru MJE803NPN 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

{ Characteristic ] Symbol | Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l C = 50 mAdc, 1 B = 0) 

MJE700, MJE701, MJE800, MJE801 
MJE702, MJE703, MJE802, MJE803 

bv CEO 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



juAdc 

l (Vq E = 60 Vdc, l B = 0) 

MJE700, MJE701 , MJE800, MJE801 


- 

100 


(V CE = 80 Vdc, l B = 0) 

MJE702, MJE703, MJE802, MJE803 



100 


Collector Cutoff Current 


>CBO 



mAdc 

(Vcb = Rated BVceo< *E ~ °) 



- 

100 


(V CB = Rated BV CE0 , I e = 0, T c = 100°C) 


- 

500 


Emitter Cutoff Current 


>EBO 

- 

2.0 

juA 

( V BE = 5.0 Vdc, Iq = 0) 



4 




ON CHARACTERISTICS (1) 



DC Current Gain 1 

(l c = 1 .5 Adc, V CE * 3.0 Vdc) MJE700, MJE702, MJE800, MJE802 

(Iq = 2.0 Adc, Vq E = 3.0 Vdc) MJE701, MJE703, MJE801, MJE803 

ir 

Tl 

m 

750 

750 

- 


Collector-Emitter Saturation Voltage 

(Iq = 1 -5 Adc, 1 B = 30 mAdc) MJE700, MJE702, MJE800, MJE802 

(Iq = 2.0 Adc, l B = 40 mAdc) MJE701, MJE703, MJE801, MJE803 

v CE(sat) 

- 

2.5 

2.8 

Vdc 

Base-Emitter On Voltage 

(lc “ 1 -5 Adc, V CE - 3.0 Vdc) MJE700, MJE702, MJE800, MJE802 

(l C - 2.0 Adc, V CE = 3.0 Vdc) MJE701, MJE703, MJE801, MJE803 

v BE(on) 

- 

2.5 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

Ihfe 1 

1.0 

- 

- 

(l c = 1 .5 Adc, V C E = 3.0 Vdc. f = 1 .0 MHz) 





ChPulse Test: Pulse Width < 300 jus. Duty Cycle <2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



5L.--.. u T" r i lux — i L-=nza=Bm 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate lc — VcE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. 


FIGURE 3 - DARLINGTON CIRCUIT SCHEMATIC 
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1JE1290 MJE1291 


PIMP (SILICON) 
IMPN 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . . designed for use in power amplifier and switching applications. 

o High Collector Current — 

1C = 15 Adc 

o High DC Current Gain — 

hpE = 10 (Min) @ l c = 15 Adc 


MAXIMUM RATINGS 


Rating 

■ Symbol 

MJE1290 

MJE1660 

MJE1291 

MJE1661 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5 

0 

Vdc 

Collector Current-Continuous 

•c 

15 

Adc 

Base Current 

•b 

5.0 

Adc 

Total Power Dissipation @ T q = 25°C 

p D 

90 

Watts 

Derate above 25°C 


0.72 

W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +150 

°C 


Temperature Range 

THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.39 

°C/W 


FIGURE 1 - POWER TEMPERATURE DERATING CURVE 



0 25 50 75 100 125 150 175 

TC, CASE TEMPERATURE (°C) 


15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60 VOLTS 
90 WATTS 



rZL 


-pr- u —ip— j 

- 4 g \~- R STYLE 2: 

1 j PINT EMITTER 

- S r C 2. COLLECTOR 

♦ A 3. BASE 



MILLIMETERS 

INCHES 

DIM 

MIN MAX 

MIN MAX 

A 

16.13 16.38 

0.635 0.645 

B 

12.57 12.83 

0.495 0.505 

C 

3.18 3.43 

0.125 0.135 

D 

1.09 1.24 

0.043 0.049 

F 

3.51 3.76 

0.138 0.148 

G 

4.22 BSC 

0.166 BSC 

H 

2.67 2.92 

0.105 0.115 

J 

0.813 0.864 

0.032 0.034 

K 

15.11 16.38 

0.595 0.645 

M 

90 TYP 

90 TYP 

Q 

4.70 4.95 

0.185 0.195 

R 

1.91 2.16 

0.075 0.085 

U 

6.22 6.48 

0.245 0.255 

V 

2.03 

0.080 - 


CASE 90-05 
TO- 127 

When mounting the device, torque not 
to exceed 8.0 in. -lb. 

If lead bending is required, use suitable 
clamps or other supports between tran- 
sistor case and point of bend. 




ic, COLLECTOR CURRENT (AMP) 


MJE1290, MJE1291 PNP/MJE1660, MJE1661 NPN 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (U 


v CEO(sus) 



Vdc 

(l C = 200 mAdc, l B = 0) 

MJE1290, MJE1660 


40 

- 



MJE1291, MJE1661 


60 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(V C e = 30 Vdc, l B = 0) 



- 

1.0 


Collector Cutoff Current 


>CES 



mAdc 

(V CE = 40 Vdc, V BE = 0) 

MJE1290, MJE1660 


- 

0.7 


(Vq E = 60 Vdc, V BE = 0) 

MJE1291, MJE1661 


- 

0.7 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB = 40 Vdc, l E = 0) 

MJE1290, MJE1660 


- 

0.7 


(V C B = 60 Vdc, l E = 0) 

MJE1291, MJE1661 


- 

0.7 


Emitter Cutoff Current 


'ebo 



mAdc 

(V BE = 5.0 Vdc, l E = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(l C = 5.0 Adc, V CE = 4.0 Vdc) 

(l C =15 Adc, V CE = 4.0 Vdc) 

hpE 

20 

10 

100 

— 

Collector-Emitter Saturation Voltage ID 
(l C = 15 Adc, l B = 1.5 Adc) 

v CE(sat) 

- 

1.8 

Vdc 

Base-Emitter on Voltage O) 

(l C - 15 Adc, V CE = 4.0 Vdc) 

v BE(on) 

- 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS l 


Current-Gain-Bandwidth Product 

(l C = 1.0 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

*T 

3.0 

_ 

MHz 

Small-Signal Current Gain 

(l c = 1.0 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

- 



0) Pulse Test: Pulse Width < 300 jus- Duty CycleS 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc~ v CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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NPN SILICON RF POWER TRANSISTOR 


. . . this device is designed for use in targe signal R.F. output 
amplifier stages in communications equipment operating to 50 MHz. 
This device is specifically tested for use at 27 MHz in Citizen 
Band equipment. 

• Withstands Open and Short Circuit Load in AM Operation 

® Specified 12 V, 27 MHz Characteristics 
Output Power = 4 W (CW) 

Minimum Efficiency = 60% (CW) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 
(R BE = 150 n) 

V CER 

75 

Vdc 

Collector-Base Voltage 

v CBO 

75 

Vdc 

Emitter-Base Voltage 

v EBO 

4.0 

Vdc 

Collector Current — Peak (1 ) 

■c 

3.0 

Adc 

Total Power Dissipation @ Tq = 50°C 

Derate Above 50°C 

P D 

10 

100 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj« Tstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

10 

°C/W 


(1 ) Pulse Width 20 ms, Duty Cycle < 50% 









£23 

IE23 


NPN SILICON HIGH-VOLTAGE TRANSISTOR 

. . . useful for general-purpose, high voltage applications requiring 
high fj. 

• Collector-Emitter Sustaining Voltage - 

VcEO(sus) ~ 350 Vdc (Min) @ \q, = 2.5 mAdc 

® DC Current Gain — 

hpE = 40 (Min) @ \q = 100 mAdc - MJE2361T 

© Current-Gain— Bandwidth Product — 
fj = 10 MHz (Typ) @ lc = 50 mAdc 


| MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

350 

Vdc 

Collector-Base Voltage 

V CB 

375 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

'c 

0.5 

Adc 

Base Current 

•b 

0.25 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

30 

Watts 

Derate above 25°C 


0.24 

W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

4.167 

°C/W 
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MJE2360T 


MJE2361T 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

[ Characteristic [ Symbol | Min [ Typ | Max | Unit~ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged ) 

(l C = 2.5 mAdc, l B = 0) 

v CEO(sus) 

350 

- 

- 

Vdc 

Collector Cutoff Current 
( V CE = 250 Vdc, l B = 0) 

'CEO 

- 

- 

0.25 

mAdc 

Collector Cutoff Current 
(Vce = 375 Vdc, V EB ( c ff) = 1.5 Vdc) 

<CEX 

- 

- 

0.5 

mAdc 

Collector Cutoff Current 
( Vqb = -375 Vdc, l E = 0) 

>CBO 

- 

_ 

0.1 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

'EBO 

— 

_ J 

0.1 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

0c = 50 mAdc, V^ E = 10 Vdc) 

(1C = 100 mAdc, V CE = 10 Vdc) ' 

MJE2360T 

MJE2361T 

MJE2360T 

MJE2361T 

hFE 

25 

50 

15 

40 

- 

200 

250 


Collector-Emitter Saturation Voltage 
(ic ~ 100 mAdc, l B = 10 mAdc) 


v CE(sat) 



1.5 

Vdc 

Base-Emitter On Voltage 

(l c = 100 mAdc, V CE = 10 Vdc) 


- v BE(on) 



1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 

(IC = 50 mAdc, V CE = 10 Vdc, f = 1 0 MHz) 

*T 


10 

- 

MHz 

Output Capacitance 
(Vqb = 100 Vdc, l E = 0, f = 100 kHz) 

Oob 

- 

20 

- 

pF 


< 1)Pulse Test Pulse Width < 300 Duty Cycle < 2 0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Iq— ^CE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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NPN 



COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

... for use as an output device in complementary audio amplifiers 
up to 35-Watts music power per channel. 


Q High DC Current Gain — hpE = 25-100 @ lc = 3.0 A 
Q Choice of Packages - MJE2801, 2901 - TO-225AB (TO-1 27) 
MJE2801T, 2901T - TO-220AB 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

'c 

10 

Adc 

Base Current 

>B 

5.0 

Adc 

Total Power Dissipation @ Tc = 25°C 

PDt 


Watts 

MJE2801 , 2901 


SO 


MJE2801T, 2901T 


75 


Dorato above 25°C 




MJE2801, 2901 


0.72 

W/°C 

MJE2801T, 2901 T 


0.6 


Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Cese 
MJE2801 , 2901 

MJE2801T, 2901T 

0JC 

1.39 

1.67 

°C/W 


tSnfe Area Curves are indicated by F igure 1 . Both limits are applicable and must bo observod . 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 
Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(l C = 200 mAdc, l B = 0) 

bv C eo 

60 

_ 

Vdc 

Collector-Cutoff Current 

'CBO 



mAdc 

(V CB = 60 Vdc. I E = 0) 


- 

0.1 


(V CB = 60 Vdc. I E = 0. T C = 150°C) 



2.0 


Emitter Cutoff Current 

'EBO 



mAdc 

(V BE = 4.0 Vdc, l c = 0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gam 

(l c = 3.0 Adc, V CE = 2.0 Vdc) 

h FE 

25 

100 


Base-Emitter Voltage 

dC = 3.0 Adc. V CE = 2.0 Vdc) 

V BE 

- 

1.4 

Vdc 


(1) Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 
^Trademark of Motorola Inc. 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 VOLTS 
75, 90 WATTS 



STYLE 2 -»-Ig 

PIN ) EMITTER 

2 COLLECTOR 

3 BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16 13 

16 38 

0 635 

0 645 

0 

12 57 

12 83 

0 495 

0 505 

c 

3 18 

3 43 

0 125 

0 135 

D 

1 09 

124 

0 043 

0 049 

F 

3.51 

3 76 

0 138 

0 148 

G 

42 

BSC 

0 16 

BSC 

H 

2 67 

2 92 

0 105 

0 115 

J 

0 Sl3 ! 

0 8 64 

0 032 

0 034 

K 

15 II 

16 3 8 

0 595 

0 645 

M 

go 

TYP 

9® 

TYP 

a 

4 70 

4 95 

0 185 

0 195 

R 

1 91 1 

2 16 

0 075 

0 085 

u 

6 22 

6 48 

0 245 

0 255 

V 

2 03 


o bao 1 



MJE2801 

MJE2901 


CASE 90 05 
TO-225AB 
(TO-127) 



0IM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1511 

15 75 

0 595 

0 620 

B 

9 65 

10.29 

0 360 

0 405 

C 

4 06 

4 82 

0 160 

0.190 

0 

0 64 

0 89 

0 025 

0 035 

F 

3 61 

3 73 

0 142 

0 147 

G 

241 

267 

0 095 

0 105 

H 

2 79 

3 30 

0 110 

0 130 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

14 27 

0 500 

0 562 

L 

1 14 

1.27 

0 045 

0 050 

N 

4 83 

5 33 

0 190 

0210 

a 

254 

3 04 

TTbF 

0.120 

R 

2 04 

2.79 

0.080 

0.110 

S 

1 14 

1.39 

0 045 

0 055 

T 

5 97 

6.48 

0 235 

0 255 

U 

0 76 

1 27 

0 030 

0 050 

v 

1 14 

- 

0 045 

- 


STYLE 1 

PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


NOTE 

1 DIM L& H APPLIES 
TO ALL LEADS 


MJE2801T 
MJE2901 T 


CASE 221A-02 
TO220AB 
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COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

Q DC Current Gain Specified to 10 Amperes 
o High Current Gain — Bandwidth Product — 
ff = 2.0 MHz (Min) @ l C = 500 mAdc 
o Choice of Packages - MJE3055, MJE2955 - TO-225AB (TO-127) 
MJE3055T, MJE2955T - TO-220AB 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

70 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current 

'c 

10 

Adc 

Base Current 

'B 

6.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

PDt 


Watts 

MJE3055, MJE2955 


90 

W/°C 

MJE3055T, MJE2955T 


75 


Derate above 25°C 




MJE3055, MJE2955 


0.72 

w/°c 

MJE3055T, MJE2955T 


0.6 


Operating and Storage Junction 

T Jr T $tg 

-55 to +150 

°c 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Ma* 

Unit 

Thermal Resistance, Junction to Case 

0JC 


°C/W 

MJE3055, MJE2955 


1.39 


MJE3055T, MJE2955T 


1.67 



tSafc Area Curves are indicated by F igure 1 . Both limits are applicable and must be observed . 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There ere two limitation* on the power handling ability of a tran*i*tor average lunaion 
temperature and second breakdown Safe operating area curves indicate Iq VcE 
the transistor that must be observed for reliable operation i e , the transistor must not be 
subiected to greater dissipation than the curves indicate 

The data of Figure t is based on Tj, pk j - 150°C. T<; is variable depending on condi 
lions Second breakdown pulse limits are valid for duty cycles to 10% provided Tjj pk ) 
S 150°C At high case temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second breakdown (See AN 415AI 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 VOLTS 
75. 90 WATTS 



2 COLLECTOR 

3 BASE 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16 33 

0 635 

0 645 

Q 

12.57 

12 83 

0 495 

0 505 

C 

3 18 

3 43 

0 125 

0 135 

0 

1.03 

124 

0 043 

0.049 

f 

351 

3 76 

0 138 

0.148 

G 

4.22 BSC 

0.16 

BSC 

H 

2 67 

2.92 

0.105 

0.115 

J 

0.813 

0 864 

0 032 

0034“ 

K 

15 11 

16.38 

0 595 

0 645 

M 

go 

TYP 

90 

TYP 

Q 

4 70 

4 95 

0.105 

0.195 

R 

1 91 

2.16 

0.075 1 

0 035 

U 1 

6 22 

648 

0.245 

0.255 

V 

203 

- 

0.030 

- 


CASE 90-05 
TO-225AB 
(TO-127) 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1511 

15 75 

0 595 

0 620 

Q 

9.65 

10 29 

0.330 

0.405 

C 

4.0S 

4 82 

0 160 

0.190 

0 

0.64 

0.89 

0 025 

0 035 

f 

361 

3 73 

0 142 

0.147 

G 

241 

2 67 

0 095 

0 105 

H 

2 79 

3 30 

0 110 

0 130 


0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 27 

0 045 

0 050 

N 

4 83 

5 33 

0 190 

0210 

0 

254 

3 04 

0 100 

0 120 

n 

2 04 

2 79 

0 080 

0 110 

s 

1 14 

1 39 

0 045 

0 055 

T 

5 97 

6 48 

0 235 

0 255 

in 

0 76 

1 27 

0 030 

0 050 


1 14 


0 045 

- 


STYLE I 

PIN I BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


NOTE 

1 DIM L & H APPLIES 
TO ALL LEADS 


MJE2955T 

MJE3055T 



CASE 221 A -02 
T0 220AB 






MJE2955, MJE2955T, PNP, MJE3055, MJE3055T, NPN 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic ] Symbol 7[ Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ( 1 ) 

(IQ ■ 200 mAdc, l B = 0) 

VCEO(sus) 

60 

_ 

Vdc 

Collector Cutoff Current 

•CEO 



/uAdc 

(V C E - 30 Vdc. Iq = 0) 


- 

700 


Collector Cutoff Current 



■jaggSM 

mAdc 

< V CE = 70 Vdc . v EB(off) = L5 Vdc) 

1 


1 


(V CE - 70 Vdc. V EB{offf ) = 1.5 Vdc. T c = 150°C) 


' 

1 


Collector Cutoff Current 





(V C B = 70 Vdc. I E = 0) 


- 



(V C b - 70 Vdc. I E = 0. T C = 150°C) 



■H 


Emitter Cutoff Current 





(V BE = 5.0 Vdc. lc = 0) 


- 

5.0 



ON CHARACTERISTICS 


DC Current Gain (1) 

(l C = 4.0 Adc. V C E = 4.0 Vdc) 

(1C = 10 Adc. V CE = 4.0 Vdc) 

h FE 


100 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 




(l C = 4.0 Adc, l B = 0.4 Adc) 


- 



(lC = 10 Adc. I B = 3.3 Adc) 


- 



Base-Emitter On Voltage (1) 

^BE(on) 



Vdc 

(lC “ 4.0 Adc. Vce = 4.0 Vdc) 

■ ■ 

- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

*T 




<I C - 500 mAdc. V CE = 10 Vdc. f = 500 kHz) 


2.0 

- 



(Dpulse Test: Pulse Width $300 n%. Duty Cycle $ 2.0%. 


FIGURE 2 - DC CURRENT GAIN 



0 01 0.02 0 05 0 1 0.2 0.5 1 0 2.0 5 0 10 

IQ. COLLECTOR CURRENT (AMP) 



MJE2955, 2955T 


FIGURE 4 



"ON" VOLTAGES 


MJE3055, 3055T 
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MJE3300 MJE3301 MJE3302 npn 
MJE3310 HJE3311 MJE3312 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON ANNULAR POWER TRANSISTORS 

. . . designed for general-purpose amplifier and high-speed switching 
applications. 

® High DC Current Gain — 

hp£ = 2000 (Typ) @ lc = 1 -0 Adc 
® Collector-Emitter Sustaining Voltage — @ 10 mAdc 
V C EO{sus) = 40 Vdc (Min) - MJE3310/MJE3300 
= 60 Vdc (Min) - MJE331 1/MJE3301 
= 80 Vdc (Min) - MJE3312/MJE3302 
© Reverse Voltage Protection Diode 
© Pinout Compatible with TO-220 Package 
© Monolithic Construction with Built-In Base-Emitter Output 
Resistor 

o Thermopad II Construction With Hard Solder for High 
Reliability 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


TjTstg 


MJE3310 

MJE330Q 


MJE3311 

MJE3301 


MJE3312 

MJE3302 


-4.0- 
' 6 . 0 - 


- 15 - 
0 . 12 - 


— 1.5 — 
- 0 . 012 - 


Watts 

W/°C 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max . 

Unit 

Thermal Resistance, Junction to’ Case 

R 0JC 

8.33 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

83.3 

°C/W 



DARLINGTON 

4-AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60, 80 VOLTS 
15 WATTS 





* 


9 I 1 
1 2 "3 


1 




('1 


M-*4^ (jT 


STYLE 3 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

2.16 

2.41 

0.085 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.37 

16.64 

0.605 

0.655 

M 

3 

0 TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-03 
TO-126 
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MJE3300, MJE3301 , MJE3302 NPN 
MJE3310, MJE3311, MJE3312 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 


Symbol 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (D 

v CEO(sus) 



Vdc 

(l c = 10 mAdc, l B = 0) MJE3310,MJE3300 


40 

- 


MJE331 1 .MJE3301 


60 

- 


MJE331 2.MJE3302 


. 80 

- 


Collector-Cutoff Current 




MAdc 

(V CE = 20 Vdc, l B = 0) MJE3310.MJE3300 


- 

100 


(Vce = 30 Vdc, l B = 0) MJE331 1 ,MJE3301 

■ ■ 

- 

100 


(V CE =40 Vdc, l B = 0) MJE3312.MJE3302 


- 

100 


Collector Cutoff Current 

mnzm 



■B33B 

(Vce = Rated V CE o( SU s), <E = 0) 

■ 

- 


■ 

(V CB = Rated VcEO(sus)' ! E = 0. T C = 100 ° c ) 

■ 

- 


■ ■ 

Emitter Cutoff Current 

•ebo 

- 

1.0 

MAdc 

(V BE = 5.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain 

(IC= 1.0 Adc, V CE = 2.0 Vdc) 
(l c = 1.5 Adc, V CE = 2.0 Vdc) 


h FE 


1000 

750 


Collector-Emitter Saturation Voltage 
(1C = 1.5 Adc, 1(3 =6.0 mAdc) 


v CE(sat) 


Base-Emitter Saturation Voltage 
(I C = 1.5 Adc, l B = 6.0 mAdc) 


v BE(sat) 


Base-Emitter On Voltage 

(I C = 1.5 Adc, V C E = 2.0 Vdc) 


v BE(on) 


Output Diode Voltage Drop 
(l EC = 2.0 Adc) 


V EC 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l c = 1.0 Adc, V CE = 2.0 Vdc) 


ID Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 3 - TYPICAL DC CURRENT GAIN 



BONDING WIRE LIMITED 

THERMALLY LIMITED @Tc = 

(SINGLE PULSE) 

E SECOND BREAKDOWN LIMITED 

= CURVES APPLY BELOW RATED VcEOL 

w — - i - -I - 


f MJE3310,MJE33004 


f MJE3311.MJE330H 


MJE3312.MJE33024 


3.0 5.0 7.0 10 20 30 50 70 100 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 4 - DARLINGTON Cl RCUIT SCHEMATIC 


PNP 

MJE3310 
thru I 

MJE3312 | 


NPN 

MJE3300 

thru 

MJE3302 


r~ 


i r 


'“T 


1 I 



















NPN SILICON HIGH-VOLTAGE POWER TRANSISTORS 

. . . designed for use in line-operated equipment requiring high fj 


© High DC Current Gain — 

hpE = 40-160 @ lc = 20 mAdc 

© Current-Gain- Bandwidth Product — 
fj = 15 MHz (Min) @ Iq = 10 mAdc 

© Low Output Capacitance — 

C Q b = 10 pF (Max) @f = 1.0 MHz 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



20 40 60 80 100 120 140 160 

TC, CASE TEMPERATURE (°C) 


0.3 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

250-350 VOLTS 
15 WATTS 


Rating 

Symbol 

MJE3439 MJE3440 

Unit 

Collector-Emitter Voltage 

v CEO 

350 250 

Vdc 

Collector-Base Voltage 

V CB 

450 350 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 — 

Vdc 

Collector Current — Continuous 

<c 

— 0.3 

Adc 

Base Current 

'B 

150 

mAdc 

Total Power Dissipation @Tq = 25°C 
Derate above 25°C 

Pd 

15 

0.12 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

— 65 to +1 50 

°C 




3 ■MX' 


Q f 

"1 A 


~T T 

« — V "h k 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

8.33 

°C/W 




Zli 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


millimeters! 

INCHES 

MIN 

MAX 

MIN 

MAX 

10.80 

11.05 

0.425 

0.435 

7.49 

7.75 

0.295 

0.305 

2.41 

2.67 

0.095 

0.105 

0.51 

0.66 

0.020 

0.026 

2.92 

3.18 

0.115 

0.125 

2.31 

2.46 

0.091 

0.097 

1.27 

2.41 

0.050 

0.095 

0.38 

0.64 

0.015 

0.025 

15.11 

16.64 

0.595 

0.655 

3° TYP 1 

I 3° TYP 

3.76 

4.01 

0.148 

0.158 

1.14 

1.40 

0.045 

0.055 

0.64 

0.89 

0.025 

0.035 

3.68 

3.94 

0.145 

0.155 

1.02 

- ~ 

0.040 

- 


CASE 77-04 
TO-126 




MJE3439, MJE3440 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l c = 5-0 mAdc, l B = 0) 

MJE3439 

VCEO(sus) 

350 

_ 

Vdc 

(Iq = 50 mAdc, l B = 0) 

MJE3440 


250 



Collector Cutoff Current 
(v C E = 3oo vdc, i B = 0) 

MJE3439 

'CEO 

_ 

20 

juAdc 

(V CE = 200 Vdc, l B = 0) 

MJE3440 


- 

50 


Collector Cutoff Current 

(V CE = 450 Vdc, V EB ( of f) = 1.5 Vdc) 

(V CE = 300 Vdc,. V EB(off) = 1.5 Vdc) 

MJE3439 

MJE3440 

'CEX 

- ' 

500 

500 

/iAdo 

Collector Cutoff Current 
(V CB = 350 Vdc, l E = 0) 

MJE3439 

'CBO 

_ 

20 

/nAdc 

(V CB = 250 Vdc, l E - 0) 

MJE3440 


| 

20 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

'EBO 

: i 

20 

i 

juAdc 


ON CHARACTERISTICS 



DC Current Gain 
(Iq = 2.0 mAdc, Vqe = 10 Vdc) 

(l c = 20 mAdc, V CE - 10 Vdc) 

h FE 

30 

40 

160 


Collector-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 4.0 mAdc) 

v CE(sat) 

- 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 4.0 mAdc) 

v BE(sat) 


1.3 

Vdc 

Base-Emitter On Voltage 

(Iq = 50 mAdc, Vq E = 10 Vdc) 

v BE(on) 

- 

. 0.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 10 mAdc, V CE = 10 Vdc, f = 5.0 MHz) 

*T 

15 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 1.0 MHz) 

^ob 

— 

10 

pF 

Small-Signal Current Gain 

(l c = 5.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

— 

' 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 1000 


The Safe Operating Area Curves indicate I q-Vq E limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MJE13002 

MJE13003 


Designc^rs^atia, Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 


The MJE13002 and MJE 13003 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch-mode 
applications such as Switching Regulators, Inverters, Motor Controls, 
Solenoid/Relay drivers and Deflection circuits. 

SPECIFICATION FEATURES: 

© Reverse Biased SOA with Inductive Loads @ Tq = 100°C 
© Inductive Switching Matrix 0.5 to 1.5 Amp, 25 and 100°C 
. . . t c @ 1 A, 100°C is 290 ns (Typ). 

• 700 V Blocking Capability 
® SOA and Switching Applications Information. 


1.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
40 WATTS 


Designer's Data for 
"Worst Case” Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE13002 

MJE13003 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 

9 

Vdc 

Collector Current — Continuous 


*C 


1.5 


Adc 

- Peak (1) 


>CM 






Base Current — Continuous 


•b 


0.75 


Adc 

— Peak (1 ) 


*BM 


1.5 



Emitter Current —‘Continuous 


•e 


2.25 


Adc 

- Peak (1) 


'em 


4.5 



Total Power Dissipation*®^ = 25°C 


Pd 


1.4 


Watts 

Derate above 25°C 




11.2 


mW/°C 

Total Power Dissipation(®Tc = 25°C 


p D 


40 


Watts 

Derate above 25°C 




320 


mW/°C 

Operating and Storage Junction 

TlJstg 


-65 to +150 


°C 

Temperature Range 









THERMAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.12 

°C/W 

Thermal Resistance, Junction to 


R 0JA 


89 


°c/w 

Ambient 








Maximum Lead Temperature for 


Tl 



275 


°c 

Soldering Purposes: 1/8" from Case 








for 5 Seconds 








(1 ) Pulse Test: Pulse Width - 5 ms. Duty "Cycle < 10%. 



T 

m 


M 

4 




U U L 


K 

L 


STYLE 3 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10 80 

11 05 

0 425 

0 435 

R 

7 49 

7 75 

0 295 

0 305 

c 

241 

2 67 

0 095 

0 105 

D 

051 

0 66 

0 020 

0 026 

F 

2 92 

3 18 

0 115 

0 125 

G 

231 

2 46 

0 091 

0 097 

JL| 

2 16 

241 

0 085 

0 095 

• J 

0 38 

0 64 

0015 

0 025 

~k| 

15 37 

16 64 1 

0 605 

0 655 

_ M ! 

3 

3 TYP 

3° TYP 

Q 

3 76 

401 

0 148 

0 158 

a j 

1 14 

1 40 

0 045 

0 055 

s 

0 64 

0 89 

0 025 

0 035 

“iP 

3 68 

3 94 

0 145 

0 155 

V 

1 02 

- 

0 040 

- 


CASE 77-03 
TO-126 
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MJE13002 MJE13003 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 




Vdc 

{! c = 10 mA, l B = 0) MJE13002 


300 

- 

- 


MJE 13003 


400 

- 

- 


Collector Cutoff Current 

>CEV 




mAdc 

(Vcev = Rated Value, V BE (off ) = 1 5 Vdc) 


- 

- 

1 


(V C EV = Rated Value, V BE ( off ) = 1 .5 Vdc, T c = 1 00°C) 


“ 

- 

5 


Emitter Cutoff Current 

>EBO 

- 

- 

1 

mAdc 

(V EB = 9 Vdc, Iq = 0) 






SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased | 

! S/b 

See Figure 1 

Adc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 0.5 Adc, V CE = 2 Vdc) 

(l c = 1 Adc, V CE = 2 Vdc) 

h FE 

8 

5 

~ 

40 

25 

" 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 0.5 Adc, l B = 0.1 Adc) 


- 

- 

0.5 


(l c = 1 Adc, l B = 0.25 Adc) 


- 

- 

1 


(Iq = 1 .5 Adc, l B = 0.5 Adc) 


- 

- 

3 


(l c = 1 Adc, l B = 0.25 Adc, T c = 100°C) 


- 


1 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(Iq = 0.5 Adc, l B = 0.1 Adc) 


- 

- 

1 


(l c = 1 Adc, l B = 0.25 Adc) 


- 

- 

1.2 


(l c = 1 Adc, l B = 0.25 Adc, T c = 100°C) 


- 

- 

1.1 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

<l c = 100 mAdc, V CE = 10 Vdc. f = 1 MHz) 

^T 

4 

10 


MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 0.1 MHz) 

^ob 


21 

~ 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(Vqc = 125 Vdc, l c = 1 A. 

1 B 1 = !b2 = O- 2 A, t p - 25 ms. 

Duty Cycle < 1%) 

id 

- 

0.05 

0.1 

MS 

Rise Time 

V 

- 

0.5 

1 

MS 

Storage Time 

is 

- 

2 

4 

MS 

Fall Time 

tf 

- 

0.4 

0.7 

MS 

Inductive Load, Clamped (Table 1, Figure 13) j 

Voltage Storage Time 

('C = 1 A, V darnp = 300 Vdc, 

I B1 - 0.2 A, V BE(off) = 5 Vdc, T C = 100°C) 

Isv 

- 

1.7 

4 

PS 

Crossover Time 

t c 

- 

0.29 

0.75 

MS 


( 1 ) Pulse Test: Pulse width = 300 /is, Duty Cycle = 2%. 
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MJE13002 IVIJE 13003 


FIGURE 1 - FORWARD BIAS SAFE OPERATION AREA FIGURE 2 - REVERSE BIAS SAFE OPERATING AREA 




The Safe Operating Area figures shown in Figures 1 and 2 are specified ratings for these devices under the test conditions shown. 



70 40 60 8Q 1U0 120 140 160 

Tc. CASE TEMPERATURE (°C) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc _ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

Tj(pk) may be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

Use of reverse bias safe operating area data (Figure 2) is 
discussed in the designer's application section. 


FIGURE 4 - THERMAL RESPONSE 
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Ic, COLLECTOR CURRENT (#iA) V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 






MJE13002 MJE13003 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



DESIGNERS INFORMATION FOR APPLICATIONS AND SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.H ) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than VqC a ^ ter device is com- 
pletely off (see load line diagrams at lc = (leakage ~ 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VcevK this > s the recommended and specified use 

^ For detailed information on specific switching applications, 
see Motorola Application Notes AN-588, AN-719, AN-737, 
AN-752, AN-767 and Engineering Bulletin EB-39. 


condition. Maximum IcEV at rated VqeV is specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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MJE 13002 MJE 13003 




VOLTAGE REQUIREMENTS (continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 ijls (see 
standard pulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
(Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 1 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way ter 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. : - 


RESISTIVE SWITCHING PERFORMANCE 



0 02 0 03 0.05 0.07 0.1 0 2 0.3 0 5 0 7 10 20 

IQ. COLLECTOR CURRENT (AMP) 


FIGURE 12 - TURN-OFF TIME 



FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 14 - TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
(at 300 V and 1 A with Ig-j = 0.2 A and VeE(off) = . 5 0 



TIME 100 ns/DIV 
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VOLTAGE 60 V/DIV 



MJE 13002 MJE 13003 


TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


3.0 A 


Turn-On (Forward Bias) SOA 

t on ^ 10 ms 

Duty Cycle < 10% 

^P D = 480 W (2) 

^300 V 




Notes. 

© 


Turn-Off (Reverse Bias) SOA 
1.5 V < V BE(off) < 9.0 V 
Duty Cycle < 10% 


V CC 4 °0 V © 7 °0 V© 

Collector Voltage 

MJE 13003 Voltage Ratings (VcEO(sus) and ^CEV^ are Shown, 
MJE 13002 Ratings are 100 V Lower. 

See AN-569 for Pulse Power Derating Procedure. 


V CE 


r. 

l* ' 

l*" 

ion 

i 

L 

Time 

'' V CC 

i 

i 

i 

l 

1 


Time 

/ 

/ 

/ 

, / 

iV t on 

^off 


RINGING CHOKE 
INVERTER 


NT 


x -Z° 



Turn-On (Forward Bias) SOA 
t on < 10 Ms 

\ Duty Cycle < 10% 

^ T c = 100°C — \P d = 480W(2) 

300 V 

Turn-Off ( Reverse Bias) SO A 

/ 1.5 V < V BE(off) < 9.0 V 

/ Duty Cycle < 10% 


3.0 A - 


O 1.5 A 


O 



|VCC + N(V 0 ) 
I + Leakage 
Spike 


'400 V© V ' 1 700 V© 

^CC + N(V 0 ) Collector Voltage 

Notes: 

© MJE 1 3003 Voltage Ratings (VcEO(sus) and V CEV' Are Shown. 

MJE13002 Ratings Are 100 V Lower. 

© See AN-569 For Pulse Power Derating Procedure 



PUSH-PULL 

INVERTER/CONVERTER 


3.0 A 


T c = 100°C - 


u 


.Turn-On (Forward Bias) SOA 
t on < ioms 

\ Duty Cycle < 10% 

P D * 480 W © 

N 300 V Turn-Off (Reverse Bias) SOA 
1.5 V < V BE(off) <9.0 V 
Duty Cycle < 10% 





I loff 


V CE 


V C C 400 v © 

Collector Voltage 

MJE 13003 Voltage Ratings (VcEO(sus) and V CEV^ Are Shown, 
MJE 13002 Ratings Are 100 V Lower. 

See AN-569 for Pulse Power Derating Procedure. 



? v cc 






v cc 

y 


_L„J 



In 


SOLENOID DRIVER 


\- 


T C = 


V CC 

Solenoid 


Turn-On (Forward Bias) SOA 
'on ^ 1 0 ms 

\ Duty Cycle < 10% 

10p o c P.D = 480 W © 

300 V Turn-Off (Reverse Bias) SOA 
7 1.5 V < V BE(off) < 9.0 V 

Duty Cycle < 10% 


?? 





CE 


V CC 400 V © 700 V © 

otes; Collector Voltage 

MJE 13003 Voltage Ratings (Vq E q(sus) and ^CEV^ Are Shown, 
MJE 13002 Ratings Are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 


/' 


l ion 

toff 

J 

^ 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


•c 

T C 

tsv 

trv 

tfi 

tti 

tc 

AMP 

°C 

MS 

MS 

MS 

MS 

MS 

0.5 

25 

1.3 

0.23 

0.30 

0.35 

0.30 


100 

1.6 

0.26 

0.30 

0.40 

0.36 

1 

25 

1.5 

0.10 

0.14 

0.05 

0.16 


100 

1.7 

0.13 

0.26 

0.06 

0.29 

1.5 

25 

1.8 

0.07 

0.10 

0.05 

0.16 


100 

3 

0.08 

0.22 

0.08 

0.28 


NOTE: All Data Recorded in the Inductive Switching Circuit in Table 1 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t$v = Voltage Storage Time, 90% lg 1 to 10% Vqe 
t rv = Voltage Rise Time, 10-90% Vqe 
tfj = Current Fall Time, 90-10% lc 
tti = Current Tail, 10-2% Iq 
t c = Crossover Time, 10% Vqe to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant Switching power 
losses occur during the crossover interval and can be 
obtained using the standard equation from AN-222 : 

PSWT = 1/2 VcdcM f 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 
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switchmode a series 

NPN SILICON POWER TRANSISTORS 

The MJE13004 and MJE13005 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch- 
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflection circuits. 

SPECIFICATION FEATURES: 

• VCEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ Tq = 100°C 

• Inductive Switching Matrix 2 to 4 Amp, 25 and 1 00°C 

. . . t c @ 3 A, 100°C is 180 ns (Typ) 
o 700 V Blocking Capability 
® SOA and Switching Applications Information. 


4 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
75 WATTS 



Designer's Data for 
“Worst Case" Conditions 

The Designers* Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE13004 

MJE13005 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 

9 

Vdc 

Collector Current — Continuous 
-Peak (1) 

ic 

»CM 

4 

8 

Adc 

Base Current — Continuous 
— Peak (1 ) 

•b 

•bm 

2 

4 

Adc 

Emitter Current — Continuous 
-Peak (1) 

• e 
•em 

6 

12 

Adc 

Total Power Dissipation@TA = 25°C 
Derate above 25°C 

Pd 

2 

16 

Watts 

mW/°C 

Total Power Dissipation@TQ = 25°C 
Derate above 25°C 

Pd 

75 

600 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +150 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.67 

°C/W 

Thermal Resistance, Junction to 

Ambient 

R 0JA 

62.5 

°c/w 

Maximum Lead Temperature for 

Soldering Purposes: 1/8“ from Case 
for 5 Seconds 

Tl 

275 

°C 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


trademark of Motorola Inc. 



3. EMITTER 

4. COLLECTOR 


1 DIM. L & H APPLIES 
TO ALL LEADS. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

IP 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

~R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

"TT 

5.97 

6.48 

0.235 

0.255 

u 

0.76 

1.27 

0.030 

0.050 

~v~ 

1.14 


0.045 



CASE 221A-02 
TO-220AB 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 




Vdc 

ll C = 10 mA, l B = 0) MJE 13004 


300 


- 


MJE13005 


400 

- 

- 


Collector Cutoff Current 

•CEV 




mAdc 

(Vqev = Rated Value, V BE ( 0 ff) = 1 .5 Vdc) 


- 

- 

1 


(V C EV = Rated Value, V BE ( of f ) = 1 .5 Vdc, T c = 100°C) 


- 

- 

5 


Emitter Cutoff Current 

*EBO 

_ 

_ 

1 

mAdc 

(V EB = 9 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 


See Fiqure 1 

Clamped Inductive SOA with Base Reverse Biased 

- 


See Figure 2 


*ON CHARACTERISTICS 


DC Current Gain 

(l C = 1 Adc, V CE = 5 Vdc) 

(l C = 2 Adc, V CE * 5 Vdc) 

hpE 

10 

8 

- 

60 

40 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 1 Adc, l B = 0.2 Adc) 


- 

- 

0.5 


(l C = 2 Adc, l B = 0.5 Adc) 


- 

- 

0.6 


(l c = 4 Adc, l B = 1 Adc) 


- 

- 

1 


(l C = 2 Adc, l B = 0.5 Adc. Tc = 100°C) 


- 

- 

1 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 1 Adc, l B = 0.2 Adc) 


- 


1.2 


(l c = 2 Adc, l B = 0.5 Adc) 


- 

- 

1.6 


(1C = 2 Adc, l B = 0.5 Adc, Tc = 100°C) 


- 

- 

... , : 5 1 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 500 mAdc, V C E = 10 Vdc, f = 1 MHz) 

IT 

4 

- 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f - 0.1 MHz) 

Cob 


65 

- 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V C C=125 Vdc, l c = 2 A, 

1 B 1 = l B2 = 0 4 A, t p = 25 ms, 

Duty Cycle < 1%) 

td 

- 

0.025 

0.1 

MS 

Rise Time 

tr 

- 

0.3 

0.7 

MS 

Storage Time 


- 

1.7 

3.5 

MS 

Fall Time 

tf 

- 

0.4 

0.9 

MS 

Inductive Load, Clamped (Table 1 , Figure 1 3) | 

Voltage Storage Time 

(I C = 2A, V clamp = 300 Vdc, 

I B1 =0.4 A, V BE ( off) = 5 Vdc,T C = 100°C) 

tsv 

- 

0.9 

2.3 

MS 

Crossover Time 

*c 

- 

0.32 

0.9 

MS 


•Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2%. 
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FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 



5 7 10 20 30 50 70 100 200 300 400500 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 2 - REVERSE BIAS SWITCHING SAFE OPERATING AREA 



100 200 300 ’ 400 500 600 700 

V CEV , COLLECTOR-EMITTER CLAMP VOLTAGE (VOLTS) 


The Safe Operating Area figures shown in Figures 1 and 2 are specified ratings for these devices under the test conditions shown 


FIGURE 3 - FORWARD BIAS POWER DERATING 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc - VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tq = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

Tj(pk) may be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

Use of reverse biased safe operating area data ( Figure 2) 
is discussed in the applications information section. 


FIGURE 4 - TYPICAL THERMAL RESPONSE [Z 0JC (t)] 
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FIGURE 5 -DC CURRENT GAIN 
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FIGURE 6 - COLLECTOR SATURATION REGION 
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FIGURE 7 - BASE-EMITTER VOLTAGE 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



APPLICATIONS INFORMATION FOR SWITCHMODE A SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.(1 ) 

VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vcc after the device is com- 
pletely off (see load line diagrams at Iq = leakage ^ 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VCEV). this ' s the recommended and specified use 

(1) For detailed information on specific switching applications, 
see Motorola Application Notes AN-719, AN-737, AN-767, 
AN-752 


condition. Maximum IcEV at rated Vqev ' s specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continuedl 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A sn.ubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
; following assumptions: 

( 1 ) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 ns (see stan- 
dard pulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
(Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 5 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to* 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive, loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


RESISTIVE SWITCHING PERFORMANCE 



0.04 0.1 0.2 0.4 1 2-4 

l c , COLLECTOR CURRENT (AMP) 



0.04 0.1 0.2 0.5 1 2 4 


l C , COLLECTOR CURRENT (AMP) 


FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 14-TYPICAL INDUCTIVE SWITCHING WAVE FORMS 
(at 300 V and 4 A with Ig-j = 0.8 A and VeE(off) = 5.0 V) 



TIME 100 ns/DIV 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


* T c - 1 00°C- 




Turn-On (Forward Bias) SOA 
^ t on < 10 n* 

Duty Cycla < 10% 

= 3200W@ 

\^ 3 °0 V 


T 

v cc 



Turn-Off (Reverse Bias) SOA 
< 9.0 V 


r~ 15 v <V BE(off) 
j Duty Cycle < 10 °A 


M 

Y ton Y T ° ff 


V CE 


V CC 400 V © 700 V© 

Collector Voltage 

Notes: 

© MJE 13005 Voltage Ratings (VcEO(sus) and V CEV* are Shown, 
MJE 13004 Ratings are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 




V CC 


RINGING CHOKE 
INVERTER 


V CC 




Vp 


Turn-On (Forward Bias) SOA 
t on < 1 0 Ms 

\ Duty Cycle < 10% 

-\P D = 3200W© 

\ 300 V 

Turn-Off (Reverse Bias) SOA 

1.5 V < V BE(off) <9.0 V 
Duty Cycle < 10% 



*400 V 700 V© 

V CC + N(V 0 ) Collector Voltage 

otes: - 

© MJE 13005 Voltage Ratings ( VcEO(sus) and v CEvl Are Shown. 

MJE 13004 Ratings Are 100 V Lower. 

© See AN-569 For Pulse Power Derating Procedure 



PUSH-PULL 

INVERTER/CONVERTER 


16A - 


.Turn-On (Forward Bias) SOA 
t on < 10 as 
\ Duty Cycle < 10% 

T C = 1 00°C — „ 

\^D 


V CC 


P n = 3200W (2) 

300 V Turn-Off (Reverse Bias) SOA 





1.5 V < V BE(off) <9.0 V 
Duty Cycle < 10% 


_^on^* , ^ , ^_ 


V C E 


V CC 400 V © 

Collector Voltage 

Notes: 

© MJE 13005 Voltage Ratings (VcEO(sus) and V CEV> Are Shown, 
MJE 13004 Ratings Are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 


VCC ( ' 

^ 


SOLENOID DRIVER 


16A 


V CC 

Solenoid 


Duty Cycle < 1 0% 




Turn-On (Forward Bias) SOA 
t on <10 as 
D uty Cycle < 10% 

3200W © 

300 V Turn-Off (Reverse Bias) SOA 
1.5 V < V BE(o f f ) < 9.0 V 


+ ~ V CC 400 V © 700 V © 

Notes: Collector Voltage 

© MJE 1 3005 Voltage Ratings WcEO(sus) and V CEV^ Are Shown, 
MJE 13004 Ratings Are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 



C 

n 

I fon I f of f 


V CE 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


>c 

T C 

tsv 

trv 

tfi 

tti 

tc 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

2 

25 

600 

70 

100 

80 

180 


100 

900 

110 

240 

130 

320 

3 

25 

650 

60 

140 

60 

200 


100 

950 

100 

330 

100 

350 

4 

25 

550 

70 

160 

100 

220 


100 

850 

110 

350 

160 

390 


NOTE: All Data recorded i,n the inductive Switching Circuit in Table 1. 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which, are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t S v = Voltage Storage Time, 90% Igi to 10% V c | arnp 
t rv = Voltage Rise Time, 10-90% V c | am p 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c |amp to 10% Iq 
A n enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

p SWT = I/ 2 Vcc'Citc) f 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a ''SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 
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SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE 13006 and MJE 13007 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch- 
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflection circuits. 

SPECIFICATION FEATURES: 

® VcEO(sus) 400 V and 300 V 

o Reverse Bias SOA with Inductive Loads @ Tq = 100°C 

• Inductive Switching Matrix 3 to 8 Amp, 25 and 100°C 
. . . t c @ 5A, 100°C is 136 ns (Typ). 

® 700 V Blocking Capability 
© SOA and Switching Applications Information. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE13006 

MJE13007 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 

9 

Vdc 

Collector Current — Continuous 


•c 



8 


Adc 

- Peak (1) 


ICM 



16 



Base Current — Continuous 


<B 



4 


Adc 

— Peak (1 ) 


>BM 



8 



Emitter Current — Continuous 


>E 



12 


Adc 

- Peak (1 ) 


'EM 



24 



Total Power Dissipation@T/\ = 25°C 


PD 



2 


Watts 

Derate above 25°C 





16 


mW/°C 

Total Power Dissipation@Tc = 25°C 


Pd 



80 


Watts 

Derate above 25°C 




640 


mW/°C 

Operating and Storage Junction 


T J< T stg 


-65 to +150 


°C 

Temperature Range 








THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.56 

°C/W 

Thermal Resistance, Junction to 


R 0JA 


62.5 


°C/W 

Ambient 








Maximum Lead Temperature for 


Tl 


275 


°C 

Soldering Purposes: 1/8“ from Case 








for 5 Seconds 








(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


8 AMPERE 
NPN SILICON 
POWER TRANSISTORS 
300 and 400 VOLTS 
80 WATTS 



Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate “worst case" 
design. 



3. EMITTER 

4. COLLECTOR 


1. DIM. L& H APPLIES 
TO ALL LEADS. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

c 

4.06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

1 2/70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

V 

1.14 

- 

0.045 

- 


CASE 221A-02 
TO-220AB 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 




Vdc 

(l c = 10 mA, l B = 0) MJE13006 


300 

- 

- 


MJE13007 


400 

- 

- 


Collector Cutoff Current 

<CEV 




mAdc 

(VcEV = Rated Value, V BE (of f ) = 1 5 Vdc ^ 


- 

- 

1 


(VcEV = Rated Value, V BE ( 0 ff) = 1 .5 Vdc, Tq = 100°C) 



~ 

5 


Emitter Cutoff Current 

>EBO 

- 

- 

1 

mAdc 

(V EB = 9 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 

Clamped Inductive SOA with Base Reverse Biased 

- 

See Figure 2 


*ON CHARACTERISTICS 


DC Current Gain 

(l C = 2 Adc, V CE = 5 Vdc) 

(l C = 5 Adc, V CE = 5 Vdc) 

h FE 

8 

6 

- 

40 

30 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 2 Adc, l B - 0.4 Adc) 


- 

- 

1 


(l C = 5Adc, l B = 1 Adc) 


- 

- 

1.5 


(l C = 8 Adc, l B = 2 Adc) 


- 

- 

3 


(l c = 5 Adc, l B = 1 Adc, T c = 100°C) 


- 

- 

2 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 2 Adc, l B = 0.4 Adc) 


- 

- 

1.2 


(1C = 5 Adc, l B = 1 Adc) 


- 

~ 

1.6 


(l c = 5 Adc, l B = 1 Adc, T C = 100°C) 



— 

1 .5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

IT 

4 

- 

- 

MHz 

(l c = 500 mAdc, Vqe * 10 Vdc, f = 1 MHz) 






Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 


110 


pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) ' | 

Delay Time 

(V C C = 125 Vdc, l c - 5 A, 

J B1 = *B2 = 1 A > t p = 25 /is, 

Duty Cycle < 1%) 

td 

- 

0.05 

0.1 

MS 

Rise Time 

tr 

- 

0.5 

1 

MS 

Storage Time 

^s 

- 

1 

3 

MS 

Fall Time 

tf 

- 

0.15 

0.7 

MS 

Inductive Load. Clamped (Table 1 , Figure 1 3) 1 

Voltage Storage Time 

dC = 5 A, V clamp = 300 Vdc, 

l B i = 1 A, V BE(off) = 5 Vdc, T C = 100°C) 

t sv 

~ 

0.86 

2.3 

MS 

Crossover Time 

tc 

- 

0.14 

0.7 

MS 


*Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2%. 
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FIGURE 3 - FORWARD BIAS POWER DERATING 



Tc, CASE TEMPERATURE (°C) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

Tj(pk) ma Y be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

Use of reverse biased safe operating area data (Figure 2) 
is discussed in the applications information section. 


FIGURE 4 - TYPICAL THERMAL RESPONSE tZ 0JC (t)] 











V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 
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FIGURE 5 -DC CURRENT GAIN 



FIGURE 7 - BASE-EMITTER SATURATION VOLTAGE 




0.2 0 +0.2 +0.4 +0.6 

VbE. BASE-EMITTER VOLTAGE (VOLTS) 


V, VOLTAGE (VOLTS) „ Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - COLLECTOR SATURATION REGION 




1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 - CAPACITANCE 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


' Turn-On (Forward Bias) SOA 

t on < 1 0 /i# 


\ 


Duty Cycle < 10% 
P D = 3200W © 


v C c 


Vo 



r~ i 

hV-/_ D 


Turn-Off (Reverie Bias) SOA 
5 V <V BE(off) <9.0 V 
Duty Cycle < 1 0% 


M 

h- r ~" 


I 
I 

V C C 400 V © 700 V© 

Collector Voltage 

Notes: 

© M JE 1 3007 Voltage Ratings (V CE q(sus) and V CEV> are Shown, 
MJE 13006 Ratings are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 




V CC 


RINGING CHOKE 
INVERTER 


16A - 


, T c - 100°C - 



Turn-On (Forward Bias) SOA 
t on < 10 us 
Duty Cycle < 1 0% 

\P D = 3200W© 

\ 300 V 

Turn-Off (Reverse Bias) SOA 

1.5 V < V BE(off) < 9.0 V 
Duty Cycle < 10% 


700 V © 




► N(V 0 ) 


400 V © 

Collector Voltage 


Vcc + 

N(V 0 ) 


© MJE 13007 Voltage Ratings (V CEO ( su s) and V CEV> Are Shown. 

MJE 13006 Ratings Are 100 V Lower. 

© See AN-569 For Pulse Power Derating Procedure 


tl 



PUSH-PULL 

INVERTER/CONVERTER 


^Turn-On (Forward Bias) SOA 
t on < 10 Ms 
Duty Cycle < 10% 


T c = 100°C - 


V C C 


U 


\ 


Vo 


X P D = 3200W © 

^300 V Turn-Off (Reverse Bias) SOA 
1.5 V < V BE(off ) < 9.0 V 
Duty Cycle < 1 0% 


vr 



fcl 




_2VCC| 

700 V© 


V CC 400 V © 

Collector Voltage 

Notes: 

© MJE13007 Voltage Ratings (VceO(sus) and VcEV^ Are Shown, 
MJE 1 3006 Ratings Are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 


in 

irp u h 


V CC 

i v cc 


SOLENOID DRIVER 



16A , 


T C - 100°C 


1 


Turn-On (Forward Bias) SOA 
^ t on <10Ms 
^ Duty Cycle <10% 

P D = 3200W © 


\ 

\ 


300 V Turn-Off (Reverse Bias) SOA 
1.5 V < V b E( off ) < 9 0 V 
Duty Cycle < 10% 


Turn-On 


A 


^ ^on j^fpff 


Vcc 400 V © 700 V © 

Notes: Collector Voltage 

© MJE 1 3007 Voltage Ratings (V C EO(sus) and v cEV> Are Shown, 
MJE13006 Ratings Are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 


V CE 

v ccl— \ 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


•c 

T C 

tsv 

trv 

tfi 

tti 

tc 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

3 

25 

730 

115 

100 

110 

200 


100 

1000 

150 

100 

150 

250 

5 

25 

600 

60 

23 

4 

85 


100 

860 

84 

50 

10 

136 

8 

25 

650 

25 

26 

4 

42 


100 

880 

52 

80 

20 

160 


NOTE : All Data recorded in the inductive Switching Circuit in T able 1 . 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which , are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t S v = Voltage Storage Time, 90% Igi to 10% V c | am p 
tfv = Voltage Rise Time, 10—90% V c | am p 
tfj = Current Fall Time, 90-10% lc 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | am p to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = 1/2 Vcc*C(tc) f 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed an'd related to the circuit examples illustrated 
in Table 2.0 ) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vcc after the device is com- 
pletely off (see load line diagrams at lc = ^leakage % 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VCEV)> this is the recommended and specified use 

(1) For detailed information on specific switching applications, 
see Motorola Application Notes AN-719, AN-737. AN-767, 
AN-752 


condition. Maximum IcEV at rated Vqev is specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 /is (see stan- 
dard pulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
( Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 5 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE n - TURN-ON TIME 




TIME 



1C, COLLECTOR CURRENT (AMP) 

FIGURE 14-TYPICAL INDUCTIVE SWITCHING WAVE FORMS 
(at 300 V and 8A with Igl = 1.6A and = 5 V) 



TIME 20 ns/DIV 
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SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE13008 and MJE13009 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch- 
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflectioncircuits. 

SPECIFICATION FEATURES: 

° v CEO(sus) 4CK) V and 300 V 

o Reverse Bias SO A with Inductive Loads @ Tq = 100°C 

© Inductive Switching Matrix 3 to 12 Amp, 25 and 100°C 
. . . t c @ 8 A, 100°C is 120 ns (Typ). 
o 700 V Blocking Capability 
o SOA and Switching Applications Information. 


MAXIMUM RATINGS 





Rating 

Symbol 

MJE13008 

MJE 13009 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 



Vdc 

Collector Current - Continuous 

•c 

12 

Adc 

- Peak (1) 

»CM 

24 


Base Current - Continuous 

•b 

6 

Adc 

- Peak (1) 

•bm 

12 


Emitter Current - Continuous 

•e 

18 

Adc 

- Peak (1) 

•em 

36 


Total Power Dissipation@TA = 25°C 

Pd 


2 

Watts 

Derate above 25°C 

16 

mW/°C 

Total Power Dissipation@Tc = 25°C 

Pd 

100 

Watts 

Derate above 25°C 


800 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J« T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 

Thermal Resistance, Junction to 

Ambient 

R 0JA 

62.5 

°c/w 

Maximum Lead Temperature for 

Soldering Purposes 1/8” from Case 
for 5 Seconds 

T L 

275 

°C 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 




12 AMPERE 
NPN SILICON 
POWER TRANSISTORS 
300 and 400 VOLTS 
100 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12701 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

V 

1.14 

- 

0.045 

- 


CASE 221A-02 
TO-220AB 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 




Vdc 

(l c = 10 mA, l B = 0) MJE13008 


300 

- 

- 


MJE13009 


400 

- 

- 


Collector Cutoff Current 

>CEV 




mAdc ' 

(VcEV = Rated Value, V b £ (off) = 1 -5 Vdc) 


- 

- 

1 


(V C EV = Rated Value, V BE ( off ) = 1.5 Vdc, T c = 100°C) 


- 

- 

5 


Emitter Cutoff Current 

'EBO 

- 

- 

1 

mAdc 

(V EB - 9 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 1 

Clamped inductive SOA with Base Reverse Biased 

- 

See Figure 2 


*ON CHARACTERISTICS 


DC Current Gain 

0c - 5 Adc, Vce = 5 Vdc) 

(l C = 8 Adc, V CE = 5 Vdc) 

h F E 

8 

6 


40 

30 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 5 Adc, l B = 1 Adc) 


- 

- 

1 


(l c = 8 Adc, l B = 1.6 Adc) 


- 

- 

1.5 


(1C = 12 Adc, l B = 3 Adc) 


- 

- 

3 


(I C = 8 Adc, l B = 1.6 Adc, T c = 100°C) 


- 

- 

2 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(IC = 5 Adc, l B = 1 Adc) 


- 

- 

1.2 


(IC =■ 8 Adc, l B = 1.6 Adc) 


- 

- 

1.6 


(l C = 8 Adc, l B = 1 .6 Adc, T c = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 500 mAdc, V C e = 10 Vdc, f = 1 MHz) 

‘T 

4 

- 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E - 0, f = 0.1 MHz) 

Cob 


180 


pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) ] 

Delay Time 

(V C c = 125 Vdc, l c = 8 A, 

1 b 1 = l B2 = 1.6 A, t p = 25 ns, 

Duty Cycle 1%) 

td 

- 

0.06 

0.1 

MS 

Rise T ime 

<r 

- 

0.45 

1 

MS 

Storage T ime 

is 

- 

1.3 

3 

MS 

Fall T ime 

tf 

- 

0.2 

0.7 

MS 

[ Inductive Load, Clamped (Table 1 , Figure 13) | 

Voltage Storage Time 

«C = 8A, V clamp = 300 Vdc, 

I B1 = 1.6 A, V BE(off) = 5 Vdc, T c = 100°C) 

tsv 

_ 

0.92 

2.3 

MS 

Crossover Time 

tc 

- 

0.12 

0.7 

MS 


•Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2%. 


.» 
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FIGURE 1 - FORWARD BIAS SAFE 
OPERATING AREA 


- REVERSE BIAS SWITCHING SAFE 
OPERATING AREA 



CURVES APPLY BELOW RATED VcEO 


50 70 100 200 300 500 



FIGURE 3 - FORWARD BIAS POWER DERATING 


VcE, COLLECTOR - EMITTER VOLTAGE (VOLTS) VcEV. COLLECTOR-EMITTER CLAMP VOLTAGE (VOLTS) 

The Safe Operating Area figures shown in Figures 1 and 2 are specified ratings for these devices under the test conditions shown. 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
IGURE3- FORWARD BIAS POWER DERATING breakdown. Safe operating area curves indicate lc~VCE 

w - ... limits of the transistor that must be observed for reliable 

TsTt — *4^ operation; i.e. f the transistor must not be subjected to 

second breakdown greater dissipation than the curves indicate. 

— derating The data of Figure 1 is based on Tc = 25°C; Tjfpk) 

is variable depending on power level. Second breakdown 

^ ^ pulse limits are valid for duty cycles to 10% but must be 

X derated when Tc > 25°C. Second breakdown limitations 

THERMAL do no * ^ erate t ^ 1e same as thermal limitations. Allowable 

derating current at the voltages shown on Figure 1 may be found 

1 — v at an V case temperature by using the appropriate curve on 

Figure 3. 

Tj(pk) may be calculated from the data in Figure 4. 

— At high case temperatures, thermal limitations will reduce 

111 L. xl the power that can be handled to values less than the 

40 60 80 100 120 140 160 limitations imposed by second breakdown. 

Tc, case temperature (°c) Use reverse biased safe operating area data (Figure 2) 

is discussed in the applications information section. 


60 80 100 120 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4 - TYPICAL THERMAL RESPONSE [Z eJC (t)) 


I I I I I 

SINGLE PULSE 

I m ill 1-L 

0 05 0 1 0 2 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


24A 


A. 


Turn-On (Forward Bias) SOA 

\ Duty Cycle < 1 0% 

P D = 4000 W @ 


v cc 





Turn-Off (Reverse Bias) SOA 
•5V< V BE(off) <9.0V 
Duty Cycle <10% 


V CC 400 V 0 700 V0 

Collector Voltage 

otes: 

0 MJE 13009 Voltage Ratings (VcEO(sus) and V CEV^ are shown, 
MJE 13008 Ratings are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 


M 

U- ton Lr 


V CE 




V CC 


RINGING CHOKE 
INVERTER 


24A y 

Y' 




2-Z° 


^Turn-On (Forward Bias) SOA 
t on < 10 Ms 

^ Duty Cycle < 10% 

; T c - 1 00°C ^\P D = 4000W© 

\ 350 V 

Turn-Off ( Reverse Bias) SOA 

' < v BE(off) < 9 0 v 
1 Cycle < 10% 



jrn-uTT yt-iever 
/ 15 V 1 

1 Duty C 


12A 


+ ' /CcW ^400 V©“ P " < “ 700 V© 

Vcc + hl(V 0 ) Collector Voltage 

Notes: 

0 MJE 13009 Voltage Ratings (Vceo(sus) and v cev) are shown, 
MJE 13008 Ratings are 100 V Lower. 

0 See AN-569 For Pulse Power Derating Procedure 



T off 


V CE 


Leakage Spike 


V CC 

N(V 0 )| 



IK 

V CC | 

K 


PUSH-PULL 

INVERTER/CONVERTER 




Turn-On (Forward Bias) SOA 
ton < 10 ms 
Duty Cycle < 10% 


T C - 100°C -\ Pd , 4000w @ 




Turn-Off (Reverse Bias) SOA 
1.5 V < V QE(off ) <9-0 V 
Duty Cycle < 1 0% 


n 


V C C 400 V 0 

Collector Voltage 

Notes: 

0 MJE 13009 Voltage Ratings (Vceo(sus) and V CEV^ are shown, 
MJE 13008 Ratings are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 


lf| Vcc ^ lT| 


2 V CC 
Vcc 


SOLENOID DRIVER 


24 A « 



Turn-On (Forward Bias) SOA 
t on < 10 ms 
^ Duty Cycle < 10% 

- - 1 00 o C — v P D = 4000W@ 

' \ 

12A 4 

v l 


350 V 


Turn-Off 

Turn-On 


Turn-Off (Reverse Bias) SOA 
1.5 V < V BE(off ) < 9 0 V 
Duty Cycle < 10% 


JL 


V C C 400 V 0 700 V 0 

Notes: Collector Voltage 

0 MJE 13009 Voltage Ratings (VceO(sus) and V CEV> are shown, 
MJE13008 Ratings are 100 V Lower. 

0 See AN-569 for Pulse Power Derating Procedure. 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


•c 

T C 

*sv 

Vv 

tfi 


tc 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

3 



100 

150 

200 





230 

160 

200 


5 

25 

630 

72 

26 

10 

100 


100 

820 

100 

55 

30 

180 

8 

25 

720 






100 

920 





12 

25 

640 

20 

17 

2 

41 


100 

800 

32 

24 

4 

54 


NOTE: All Data recorded in the inductive Switching Circuit in Table 1. 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I B1 to 10% V c lamp 
t rv = Voltage Rise Time, 10-90% V c | am p 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | am p to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

p SWT = 1/2 VcdcM f 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.(1) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than VqC a ^ ter th e device is com- 
pletely off (see load line diagrams at lc = (leakage ^ 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VcEV). this is the recommended and specified, use 

(1) For detailed information on specific switching applications, 
see Motorola Application Notes AN-719, AN-737, AN-767, 
AN-752 


condition. Maximum Iqev at rated VcEV is specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 /is (see stan- 
dard pulsed forward SOA curves in Figure 1 ) . 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
(Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 8 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 11 - TURN-ON TIME FIGURE 12 - TURN-OFF TIME 



FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS 




FIGURE 14 - TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
(at 300 V and 12 A with Ig-j = 2.4 A and Vg^(off) = 5 V) 



TIME 20 ns/DIV 
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NPN 


PNP 


Adbrajraoe IirnffoirinmatSoini 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use as high-frequency drivers in audio amplifiers. 

® DC Current Gain Specified to 4.0 Amperes 
hpE = 40(Min) @ lc = 3.0 Adc 
= 20(Min) @ lc = 4.0 Adc 
o Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 120 Vdc (Min) -MJE15028, MJE15029 
= 150 Vdc (Min) - MJE15030, MJE15031 
o High Current Gain — Bandwidth Product 
fj = 30 MHz (Min) @ l C = 500 mAdc 
o ' O-220AB Compact Package 
© TO-66 Leadform Also Available 


POWER TRANSISTORS 
COMPLEMENTARY SILICON 


120-150 VOLTS 
50 WATTS 




MAXIMUM RATINGS 


Rating 

Symbol 

MJE15028 

MJE15029 

MJE15030 

MJE15031 

Unit 

Collector-Emitter Voltage 

v CEO 

120 

150 

Vdc 

Collector-Base Voltage 

V CB 

120 

150 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

5.0 

Vdc 


Collector Current -- Continuous 

Peak |£_ 

Base Current lg 

Total Power Dissipation Pq 

@ T C = 25°C 
Derate above 25°C 
Operating and Storage Junction 

Temperature Range st 9 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 


, SECT A-A 


STYLE 1: — U— J 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


— - B 


iTI 

4 Q 

IT 

— -V 

LJ L 

T 

A A 

4 J 

H 

T 

S' 

JU 

— N 

-L 

L.g 


MILLIMETERS 
DIM M IN TmAX 
A 111 T 15.75" 
B 9.65 10.29 

C 4,06_ 4,82 

0 0.64 0.89 

F 3.61 173 

G 2.4 1 " 2£l 

H _ 2.79 3,30 

J 0,36 0J)6 

K 12.70 14.27 J 

L 1 ,14 127 

JN 4,83 5.33 

Q 2.54 3,04 

R | 2,04 2 79 

S 1.14 1.39 

T 5.97 6^8_ 

» 0.76 1, 27 

V 1-14 ~ 


INCHES 
MIN MAX 
0.595 0.620 

0.380 0.405 

0.160 0 190 

0. 025 0,035 

0.142 0.147 

0.095 0 ,105 

0.110 0,130 

0.014 0.022 

0.500 0 562 

0.045 0 050 

0.190 0 210 

0.100 0,120 
0.080 0 110 
0.045 0 055 

0.235 0.255 

0.030 0,050 

0.045 


I 

This is advance information and specifications are subject to change without no 


CASE 221A-02 
TO-220AB 
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MJE15028, MJE15030 NPN/MJE 15029, MJE15031 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(Iq = 10 mAdc, lg = 0) 

MJE15028, MJE15029 

MJ El 5030, MJE 15031 

VCEOIsus) 

120 

150 

- 

Vdc 

Collector Cutoff Current 


<CEO 



mAdc 

(V CE - 120 Vdc, lg = 0) 

MJE 1 5028, MJE 15029 


- 

0.1 


(V CE = 150 Vdc, lg = 0) 

MJE15030, MJE15031 


~ 

0.1 


Collector Cutoff Current 


<CBO 



MAdc 

(V C b = 120 Vdc, l E =0) 

MJE15028, MJE 15029 


- 

10 


(V CB = 150 Vdc, l E = 0) 

MJE15030, MJE 15031 



10 


Emitter Cutoff Current 


'EBO 

- 

10 

MAdc 

(V BE = 5.0 Vdc, lc = 0) 







ON CHARACTERISTICS (1 ) 


DC Current Gain 

(l c = 0.1 Adc, V C E = 2.0 Vdc) 

(1C = 2.0 Adc, V CE = 2.0 Vdc) 

(l c = 3.0 Adc, V CE = 2.0 Vdc) 

(l c = 4.0 Adc, V CE = 2.0 Vdc) 

h FE 

40 

40 

40 

20 

■ 


DC Current Gain Linearity 

(V CE From 2.0V to 20V, l c From 0.1A to 3A) 

(NPN TO PNP) 

h FE . 

Typ 

2 

3 


Collector-Emitter Saturation Voltage 
(1C = 1.0 Adc. lg = 0.1 Adc) 

v CE(sat) 

- 

0.5 

Vdc 

Base-Emitter On Voltage 

(l c = 1.0 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

f T 

30 

- 

MHz 

(l c = 500 mAdc, V CE = 10 Vdc, f test = 10 MHz) 






(1 )Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 


(2)f j ■ I hf e I • fjest 
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IPS - U 01 (SILICON) 

MPS-U01A 


NPN SILICON ANNULAR TRANSISTORS 


. . . designed for complementary symmetry audio circuits to 5 Watts 
output. 


NPN SILICON 
AUDIO TRANSISTORS 


© Excellent Current Gain Linearity — 1 .0 mAdc to 1 .0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.5 Vdc (Max) @ lc = 1.0 Adc 


• Complements to PNP MPS-U51 and MPS-U51 A 

9 Uniwatt Package for Excellent Thermal Properties — 
1.0 Watt @T A = 25°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U01 

MPS-U01 A 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

50 

Vdc 

Emitter-Base Voltage 

< 

m 

ro 

5.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 

1.0 

8.0 

Watt 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

125 

°C/W 


Uniwatt packages can be To-5 lead formed by adding -5 to the device title and tab formed for 
flush mounting by adding -1 to the device title. 




PIN 1. EMITTER 


2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

G.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC 1 

"IP 

3.94 

4.19 

0.155 

0.165 

J 

0.38 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 BSC 

0.200 BSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 



I 


CASE 152-02 



Ic, COLLECTOR CURRENT (AMP) 


MPS-U01,MPS-U01A 


ELECTRICAL CHARACTERISTICS IT/\ - 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (D 
(l c = 10 mAdc. I B = 0) 

MPS-U01 
MPS-U01 A 

bvceo 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


BVcbO 



Vdc 

(l C = 100 MAdc, l E = 0) 

MPS-U01 


40 

- 



MPS-U01 A 


50 

- 


Emitter-Base Breakdown Voltage 


bv EBO 

50 

- 

Vdc 

(l E = 100 MAdc, l G = 0) 






Collector Cutoff Current 


'CBO 



MAdc 

(V CB = 30 Vdc, l E = 0) 

MPS-U01 


- 

0.1 


(V CB = 40 Vdc, l E = 0) 

MPS-U01 A 


- 

0.1 


Emitter Cutoff Current 


'EBO 

- 

0.1 

MAdc 

(V BE = 3.0 Vdc, l c = 0) 







ON CHARACTERISTICS(I) 


DC Current Gain 
(l G = 10 mAdc, V C E = 10 Vdc) 

{ 1 c = 100 mAdc, Vqe ^ 1 -0 Vdc) 

(l C = 1 0 Adc, V CE = 1.0 Vdc) 

h F £ 

55 

60 

50 

- 


Collector-Emitter Saturation Voltage 
dC = 1.0 Adc, l B = 0.1 Adc) ^ 

v CE(sat) 


0.5 

Vdc 

Base-Emitter On Voltage 
(l c = 1-0 Adc, V G E = 10 Vdc) 

v BE(on) 


1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(IC = 50 mAdc, V C E = 10 Vdc, f = 20 MHz) 


50 

- 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 1.0 MHz) 

c ob 

- 

20 

pF 


(l)Pulse Test: Pulse Width <300 /is. Duty Cycle <2 0%. 


FIGURE 1 - DC CURRENT GAIN 




10 20 30 50 100 200 300 500 1000 


IQ. COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 

FIGURE 3 - DC SAFE OPERATING AREA 



2.0 4.0 6.0 10 20 40 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a tran- 
sistor: junction temperature and secondary . breakdown. Safe 
operating area curves indicate lc~ ^CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on T j(p|<) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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MPS - 1102 (SILICON) 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

. . . designed for general-purpose, high-voltage amplifier and 
driver applications. 

« High Power Dissipation — Pq = 10 W @ Tc = 25°C 
• Complement to PNP MPS-U52 


NPN SILICON 
AMPLIFIER TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector- Base Voltage 

V CB 

60 

Vdc 

Emitter- Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

800 

mAdc 

Total Power Dissipation @ T A = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation® T^, = 25°C 

p 

D 

10 

Wans 

Derate above 25°C 


80 

mW/'C 

Operating and Storage Junction 

Temperature Range 

T ., T , 

J stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise noted) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

r 9jc 

12.5 

°c/w 

Thermal Resistance, Junction to Ambient 

b «ja 

125 

°c/w 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I fi = 0) , 

bv ceo 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c =100pAdc, 1 £ = 0) 

bv cbo 

60 

- 

Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, I E = 0) 

! cbo 

- 

100 

nAdc 


DC Current Gain 
(l c = 10 mAdc, V CE = 10 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc) 

(l c = 500 mAdc, V CE = 10 Vdc) 

h FE 

50 

50 

30 

300 


Collector-Emitter Saturation Voltage 
(I c = 150 mAdc, I fi = 15 mAdc) 

V CE(sat) 


0.4 

Vdc 

Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 

V BE (sat) 

- 

1.3 

Vdc 


Current-Gain— Bandwidth Product 
(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

100 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, % = °» 1 = 100 kHz) 

C ob 

- 

20 

PF 


H 

rH 




M 


N STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
(COLLECTOR CONNECTED 
TO TAB) 





■AIM 


■AIIM 

HALIM | 

fl 

IBB 

1BI 

tm 

i!BH 

n 




■il'j.itl 


Bn 


■HB 

MESjl 

hd 

m 

BM 


KEEH 


EH 



HikMIl 



HCXE 







mm 

gilt Ml 

jilll 

■tfilH 

■juni 

mm 


ran 






EH 

H 



■HE 


. 

wmm 

wmu 


■illi'.l 


Ml 

IBM 
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MPS-U02 



0.1 1.0 10 100 1.0 A 

1C, COLLECTOR CURRENT (mA) 


FIGURE 2 - COLLECTOR-EMITTER 
SATURATION VOLTAGE versus BASE CURRENT 



0.01 0.1 1.0 10 100 
IB, BASE CURRENT (mA) 


FIGURE 3 - BASE-EMITTER VOLTAGE 



0.1 1.0 10 100 1.0 A 

1C, COLLECTOR CURRENT (mA) 


FIGURE 4 - CAPACITANCE versus VOLTAGE 

50 1 — r- | nn m 1 — n 1 1 irri nr 


30 



REVERSE VOLTAGE (VOLTS) 


FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 



FIGURE 6- ACTIVE REGION DC SAFE OPERATING AREA 




10 100 1.0 A 1.0 2.0 3.0- 5.0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (mA) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . . designed for horizontal drive applications, high-voltage linear 
amplifiers, and high-voltage transistor regulators. 

® High Collector-Emitter Breakdown Voltage - 

BVcEO = 180 Vdc (Min) @ l c = 1 mAdc - MPS-U04 

© Low Collector-Emitter Saturation Voltage — 

VcE(sat) = Q.5 Vdc (Max) @ |q = 200 mAdc 

o High Power Dissipation — 

PD= 10W@Tc = 25°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U03 MPS-U04 

Unit 

Collector-Emitter Voltage 

v CEO 

120 180 

Vdc 

Collector-Base Voltage 

V CB 

120 180 

Vdc 

Emitter-Base Voltage 

' V EB 

5 

Vdc 

Collector Current 

•c 

1 

Adc 

Total Power Dissipation @ = 25°C 

Derate Above 25°C 

PD 

1 

8 

Watts 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Derate Above 25°C 

P D 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T stg 

-55 to +150 

°c 

Solder Temperature, 1/16" From Case 
for 10 Seconds 

- 

260 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

125 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°c7w 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
(COLLECTOR CONNECTED 
TO TAB) 



MILLIMETERS 

INCHES 1 

DIM 

MIN MAX 

MIN 

MAX 

A 

9.14 9.S3 

0.360 

0.375 

C 

5.41 5.66 

0.213 

0.223 

0 

0.38 0.53 

0.015 

0.021 

F 

3.18 3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSCl 

H 

3.94 4.19 

0.155 

0.165 

J 

0.36 0.41 

0.014 

0.016 

K 

12.07 12.70 

0.475 

0.500 

L 

25.02 25.53 

0.985 

1.005 

H 

5.08 BSC 1 

0.200 BSC | 

a 

2.39 2.89 

0.094 

0.106 

R 

1.14 1.40 

0.045 

0.055 



CASE 152-02 



MPS-U03, MPS-U04 


ELECTRICAL CHARACTERISTICS [T& = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv C eo 



Vdc 

(l c -1.0 mAdc, l B =0) 

MPS-U03 


120 

- 



MPS-U04 


180 

- 


Collector-Base Breakdown Voltage 


bv CB o 




(1C = 100 MAdc, l E = 0) 

MPS-U03 



- 



MPS-U04 



- 


Emitter-Base Breakdown Voltage 


bv EB o 

5.0 

- 

Vdc 

(l E = 100 /iAdc. I C =0) 






Collector Cutoff Current 


'CBO 




(V C B = 100 Vdc, l E =0) 

MPS-U03 


- 



(V C B = 150 Vdc, l E =0) 

MPS-U04 


- 

0.1 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 10 mAdc, V CE = 10 Vdc) 

hpE 

40 

- 

- 

Collector-Emitter Saturation Voltage 
(lc = 200 mAdc, Ib = 20 mAdc) 

v CE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 

(l c = 200 mAdc, V C e = 1 0 Vdc) 

v BE(on) 

“ 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC = 50 mAdc, V C E = 20 Vdc, f = 20 MHz) 

*T 

35 

- 

MHz 

Output Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 100 kHz) 

^ob 

— 

12 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, l C = 0. f - 100 kHz) 

Cib 

“ 

110 

PF 


(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 



10 20 30 50 70 100 

1C. COLLECTOR CURRENT (mA) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 

Vr, REVERSE VOLTAGE (VOLTS) 
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MPS-U03, MPS-U04 


TYPICAL CHARAC 



0.5 1.0 2.0 5 0 10 20 50 100 200 500 

1C. COLLECTOR CURRENT (mA) 


FIGURE 5 - COLLECTOR SATURATION REGION 



0 1 0 2 0.3 0 5 0 7 1 0 2.0 3 0 5.0 7 0 10 20 30 50 70 100 

IB. BASE CURRENT (mA) 


FIGURE 7 - COLLECTOR CHARACTERISTICS 



VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


0\j, TEMPERATURE COEFFICIENTS (mV/°C) 


(Continued) 



0 5 1 0 2 0 5 0 10 20 50 100 200 500 

1C. COLLECTOR CURRENT (mA) 




0.2 0.5 1.0 2 0 5 0 10 20 50 100 200 


1C, COLLECTOR CURRENT (mA) 


FIGURE 8 - COLLECTOR CUTOFF REGION 



Vbe. BASE EMITTER VOLTAGE (VOLTS) 






MPS-U03, MPS-U04 


TYPICAL CHARACTERISTICS (Continued) 

FIGURE 9 - THERMAL RESPONSE 



FIGURE 10 - ACTIVE REGION SAFE-OPERATING AREA 
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3 5 7 10 20 30 50 70 100 200 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 11. 

Tj(pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



0 20 40 60 80 100 120 140 160 


Tc. CASE TEMPERATURE (°C) 
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MPS" 1105 (SILICON) 
MPS-U06 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

® High Collector-Emitter Breakdown Voltage — 

BVceO = 60 Vdc (Min) @ \q = 1.0 mAdc - MPS-U05 
80 Vdc (Min) @ \q = 1.0 mAdc - MPS-U06 

© High Power Dissipation - Pq = 10 W @ Tq = 25°C 
® Complements to PNP MPS-U55 and MPS-U56 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-U05 

MPS-U06 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

>c 

2.0 

Adc 

Total Power Dissipation @ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Tl» T stg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

125 

°c/w 


NPN SILICON 

AMPLIFIER TRANSISTORS 



3. COLLECTOR 
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CASE 152-02 
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MPS-U05, MPS-U06 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bvceo 




Vdc 

(l c =1.0 mAdc, l B = 0) 

MPS-U05 


60 

- 

- 



MPS-U06 


80 

- 

- 


Emitter-Base Breakdown Voltage 


bv EB o 

4.0 

- 

- 

Vdc 

(l E = 100 jiAdc, l C = 0) 







Collector Cutoff Current 


>CBO 




nAdc 

(V C b = 40 Vdc, l E -0) 

MPS-U05 


- 

- 

100 


(Vcb = 60 Vdc, l E = 0) 

MPS-U06 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 50 mAdc, Vqe = TO Vdc) 

( 1 C = 250 mAdc, V CE = 1 .0 Vdc) 

( 1 C = 500 mAdc, Vce = 1.0 Vdc) 

hFE 

80 

60 

125 

100 

55 

- 


Collector-Emitter Saturation Voltage! 1 ) 

v CE{sat) 




Vdc 

Oc = 250 mAdc, l B = 10 mAdc) 


- 

0.18 

0.4 


(1C = 250 mAdc, l B = 25 mAdc) 


- 

0.1 

- 


Base-Emitter On Voltage (1) 

v BE(on) 

- 

0.74 

1.2 

Vdc 

(l C = 250 mAdc, V C e = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(1C = 250 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

*T 

50 

150 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

6.0 

12 

pF 


( 1 )Pulse Test: Pulse Width < 300 fis, Duty Cycle <2.0%. 



5 0 10 20 50 100 200 500 

1C. COLLECTOR CURRENT <mA) 


FIGURE 2 - "ON" VOLTAGES 



FIGURE 3 - DC SAFE OPERATING AREA 



Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



The data of Figure 3 is based onTj( p | < ) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MPS " U07 (silicon) 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


High Collector-Emitter Breakdown Voltage - 
BVcEO = 100 Vdc (Min) @ Iq = 1.0 mAdc 

High Power Dissipation — Pq = 10 W @ Tq = 25°C 
















MPS-U07 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage O) 

<I C = 1.0 mAdc, l B = 0) 

BVCEO 

100 

— 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/uAdc, l C = 0) 

BVebO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 80Vdc, l E = 0) 

<CBO 

- 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

(1C = 50 mAdc, V CE = 1.0 Vdc) 

(l C = 250 mAdc, V CE = 1.0 Vdc) 

( 1 C = 500 mAdc, Vqe = 1.0 Vdc) 

h FE 

60 

30 

110 

65 

33 

- 


Collector-Emitter Saturation Voltage (1) 

VCE (sat) 




Vdc 

(l C = 250 mAdc, l B = 10 mAdc) 


- 

0.18 

0.4 


(l C = 250 mAdc, l B = 25 mAdc) 


- 

0.1 



Base-Emitter On Voltage H) 

v BE(on) 


0.76 

1.2 

Vdc 

(l C = 250 mAdc, V C E = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (D 
(1C = 250 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

*T 

50 

150 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

6.0 

12 

pF 


0 )pulse Test: Pulse Width ^ 300 jus, Duty Cycle < 2.0%. 


FIGURE 1 - DC CURRENT GAIN 
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5 0 7.0 10 20 50 70 100 200 500 

1C, COLLECTOR CURRENT (mA) 



1C, COLLECTOR CURRENT (mA) 


FIGURE 3 - DC SAFE OPERATING AREA 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 




There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based on Tj(p|<) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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(SILICON) 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for high-voltage video and luminance output stages in 
TV receivers. 


High Collector-Emitter Breakdown Voltage — 
BVcEO = 300 Vdc (Min) @ Iq = 1.0 mAdc 
Low Collector-Emitter Saturation Voltage — 
VcE(sat) = 0.75 Vdc (Max) @ Iq = 30 mAdc 
Low Collector-Base Capacitance - 
C c b = 3.0 pF (Max) @ Vqb = 20 Vdc 


NPN SILICON 
HIGH VOLTAGE 
AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Collector-Base Voltage 

V CB 

300 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Power Dissipation @ T A = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction Temperature Range 

TjTstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA' 

125 

°c/w 

' 






- 


1 



-1 

G 

— STYLE 1: 




PIN 1. EMITTER 



2. BASE 


3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

B.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33_ 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 BSC 

0.200 BSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 
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MPS-U10 



OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(l C = 1.0 mAdc, l B = 0) 

Collector-Base Breakdown Voltage 
(lC = 100 MAdc, l E = 0) 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc. I C = 0) 

Collector Cutoff Current 
( V CB = 200 Vdc, l E = 0) 

Emitter Cutoff Current 
(Vbe = 6.0 Vdc, lc = 0) 


ON CHARACTERISTICS 
DC Current Gain 
(IC = 1.0 mAdc, V CE = 10 Vdc) 

Oc = 10 mAdc, V C E = 10 Vdc) 

Oc = 30 mAdc, Vqe = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 30 mAdc, l B = 3.0 mAdc) 

Base-Emitter On Voltage 

(l C = 30 mAdc, V CE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain— Bandwidth Product (1) 

(l C = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 
Collector-Base Capacitance 

(V CB = 20 Vdc, l E = 0, f = 1.0 MHz) 

1)Pulse Test: Pulse Width :<300 ms, Duty Cycled 2%. 


FIGURE 1 -DC SAFE OPERATING AREA 



Second Breakd 

70 Bonding Wire Limited 

— — Thermal Limitations Tq = 25°C 


30 50 70 100 150 200 300 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc~VCE l,m ' ts below 
which the device will not enter second breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 










MPS-U10 


APPLICATIONS INFORMATION 


The MPS-U10 is primarily designed for use in the R, G, and B output 
stages of color television receivers and with a high BVceO- it c an 
supply the video amplitude requirements of any known system. 
The low feedback capacitance provides good video bandwidth with 
modest drive current requirements. Typical drive is from an 
emitter-follower with a 4.7 k emitter-resistor operated from a 
20-Volt supply. It will, therefore, be operable directly from a 
number of available chroma demodulators. The low output capac- 
itance of this device adds little to the total load capacitance, allow- 
ing improved bandwidth for a given collector load resistor. Two 
typical applications for the MPS-U10 are shown in Figures 6 and 7. 

Device dissipation will reach approximately 1.6 Watts under 
worst-case signal conditions and some heat sinking is required. At 
an operating ambient temperature of 65°C, a thermal resistance 
R 0 jA = 150-65/1 .6 = 53°C/W will be required. The junction-to- 
case thermal resistance,R 0 jc,of the device is 12.5°C/W, thus a heat 


dissipator of 40.5°C/W, or lower, will be required. A black anod- 
ized 0 . 020 ” thick aluminum plate measuring 1 ” x 2 ” can be folded 
into a channel shape and formed with "feet” to snap into a printed 
circuit panel for support. This will provide the safety factor. 

Used as a color difference output, where drive and bandwidth 
requirements are less severe, the MPS-U10 can be operated with 
27 k ohm load resistors (worst-case dissipation would then be only 
0.6 Watts). The device can, therefore, be operated as a color- 
difference output without any heat radiator in ambient temperatures 
to 150-0.6 (125) = 75°C. 

In addition the safe operating area of the MPS-U10 will fill the 
requirements of the luminance output function with a total 
equivalent load of 5.0 kilohms. Worst-case dissipation can reach 3 
Watts, this requires a total R^ja of 150-65/3 = 28.4°C/W. This 
28.4°C/W means a heat dissipator of 15.9°C/W, (approximately 2” 
x 3” aluminum plate) will be required. 



FIGURE 7 — MPS-U10 AS RGB OUTPUT, MATRIXING COLOR 
DIFFERENCE AND LUMINANCE INPUTS 
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MPS-U31 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic 1 Symbol | Min | Typ [ Max | Unit j 


OFF CHARACTERISTICS ' 


Collector-Emitter Breakdown Voltage (1) 

(Iq = 150 mAdc, Vg E = 0) 

bv C es 

65 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
( 1 e = 1.0 mAdc, lc = 0) 

bv ebo 

3.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 50Vdc. I E = 0) 

•CBO 

- 

- 

0.01 

mAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 

hpE 

10 

_ 

- 

_ 

(l C = 100 mAdc, V CE = 10 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

_ 

_ 

40 

PF 

(V C b = 12 Vdc, l E = 0, f = 1.0 MHz) 



; 




FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(P 0 ut = 3.5 W, V C C = 13.6 Vdc, f = 27 MHz) 

Gpe 

11.5 

- 

- 

dB 

Output Power 

(P jn = 250 mW, V cc = 13.6 Vdc, f = 27 MHz) 

p out 

3.5 

- 

- 

Watts 

Collector Efficiency (3) 

(Pout = 3.5 W, V C c = 13.6 Vdc, f = 27 MHz) 

r ? 

- 

70 

~ 

% 

Percentage Up-Modulation (4) 

(f = 27 MHz) 


- 

85 


% 


(1 ) Pulsed thru a 25 mH Inductor 

(2) Pulse Test: Pulse Width ^300 jus. 

Duty Cycle ^2.0%. 


(3) n = 


F*F Pout . 

(Vqc> (>c> 


• 100 


(4) Percentage Up-Modulation is measured in the test circuit 
(Figure 1) by setting the Carrier Power (P c ) to 3.5 Watts with 
Vcc = 13.6 Vdc and noting the power input. Then the Peak 
Envelope Power (PEP) is noted after doubling the original power 
input to simulate driver modulation (at a 25% duty cycle for therm- 
al considerations) and raising the Vcc to 25 Vdc (to simulate the 
modulating voltage). Percentage Up-Modulation is then determined 
by the relation: 


Percentage Up-Modulation = 




• 100 


FIGURE 1 - 27 MHz TEST CIRCUIT 



C6 


-O 


Vcc 

13.6 Vdc 


OUTPUT 

-©-< 


Cl, C2 9.0-180 pF ARCO 463 or Equivalent 
C3, C4 5.0-80 pF ARCO 462 or Equivalent 
C5 0.02 /jF Ceramic Disc 
C6 0.1 /jF Ceramic Disc 
R F C 1 4 Turns #30 Enameled Wire Wound on 

Ferroxcube Bead Type 56-590-65/3B 

RFC2 26 Turns #22 Enameled Wire (2 Layers - 
13 Turns Each Layer) V*" Inner Diameter 
LI 0.22 /iH Molded Choke 

L2 0.68 jjH Molded Choke 
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NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 


. . . designed for amplifier and driver applications. 

o High DC Current Gain - 

hpE = 25,000 (Min) @ \q - 200 mAdc 
15,000 (Min) @ Iq = 500 mAdc 

® Collector-Emitter Breakdown Voltage — 

BVqeS = 40 Vdc (Min) @ Iq = 100 jLiAdc 

o Low Collector-Emitter Saturation Voltage — 
v CE(sat) = T5 Vdc @ Iq = 1.0 Adc 
o Monolithic Construction for High Reliability 

o Complement to PNP MPS-U95 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO^I 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

12 

Vdc 

Collector Current 

•c 

2.0 

Adc 

Total Power Dissipation @ T^ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


80 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Tj,T St g 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

125 

°C/W 

Thermal Resistance, Junction to Case 

! R 0jc 

12.5 

°C/W 


(1) Due to the monolithic construction of this device, breakdown voltages of both 
transistor elements are identical. BVqes is tested in lieu of BVceO ' n order to 
avoid errors caused by noise pickup. The voltage measured during the BVqes 
test is the BV^^o of the output transistor. 
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MPS-U45 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 100 M Adc, V B E = 0) 

BV CES 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 /uAdc, l E = 0) 

bv cb0 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/uAdc, l c = 0) 

bv EBO 

12 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 30 Vdc, l E = 0) 

'CBO 

- 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 10 Vdc, l C = 0) 

•ebo 

- 


100 

nAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
(1C = 200 mAdc, V CE = 5.0 Vdc) 

(1C = 500 mAdc, V C e = 5.0 Vdc) 

(1C = 1.0 Adc, V C E = 5.0 Vdc) 

h FE 

25.000 

15.000 

4.000 

65.000 

35.000 

12.000 

150,000 


Collector-Emitter Saturation Voltage 
(lC= 1.0 Adc, l B = 2.0 mAdc) 

VCE(sat) 

- 

1.2 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
(1C = 1.0 Adc, l B = 2.0 mAdc) 

v BE(sat) 

- 

1.85 

2.0 

Vdc 

Base-Emitter On Voltage 
(l C = 1.0 Adc, V C e = 5.0 Vdc) 

v BE(on) 

- 

1.7 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain (U 
(1C = 200 mAdc, V C e = 5.0 Vdc, f = 100 MHz) 

Nel 

1.0 

3.2 

- 

- 

Collector Base Capacitance 
(V C B = 10 Vdc, l E = 0, f = 1.0 MHz) 

^cb 

- 

2.5. 

6.0 

PF 


! ! ) Pulse Test: Pulse Width 300 jus. Duty Cycle <J 2.0%. 


Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 14 volt supply with less than one per cent distortion. Because of thehigh gain the base drive requirement is as low as 1 mA in this application. 
They are also useful as power drivers for high current application such as voltage regulators. 
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Ic. COLLECTOR CURRENT (AMP) - V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN (X1000) 


MPS-U45 


FIGURE 1 - DC CURRENT GAIN 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 


IC, COLLECTOR CURRENT (AMP) 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 


IC, COLLECTOR CURRENT (AMP) 



0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 

. Ic, COLLECTOR CURRENT (AMP) 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - DC SAFE OPERATING AREA 



There are^two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc _v CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MPS-U45 


5-WATT AUDIO AMPLIFIER 


470 k 



Q1 

-MPS-A13 (DARLINGTON) ' 

Q2 

MPS-A70 


Q3 

MPS-A20 


Q4 

MPS-U45 

( COMPLEMENTARY 

Q5 

- MPS-U95 

\ DARLINGTONS 


63 ' 



PNP SILICON ANNULAR TRANSISTORS 

. . . designed for complementary symmetry audio circuits to 5 Watts 
output. 

° Excellent Current Gain Linearity — 1.0 mAdc to 1.0 Adc 
° Low Collector-Emitter Saturation Voltage - 
VCE(sat) = 0- 7 Vdc (Max) @ \q = L0 Adc 
o Complements to NPN MPS-U01 and MPS-U01 A 

° Uniwatt Package for Excellent Thermal Properties — 

, 1.0 Watt @Ta = 25°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U51 

MPS-U51 A 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

40 

' Vdc 

Collector-Base Voltage 

V CB 

40 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>C 

2 0 

Adc 

Total Power Dissipation @ T/^= 25°C 
Derate above 25°C 

PD 

1.0 

8.0 

Watt 

mW/°C 

Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 

Pd 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

^jTstg 

-55 to +1 50 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

125 

°C/W 



PNP SILICON 
AUDIO TRANSISTORS 




.. STYLE 1: 

N PIN 1. EMITTER 


2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 1 

A 

9.14 

WSM 


WW11 

B 

6.60 

7.24 

0.260 

0.285 1 

mm 

5.41 

5.66 


■iW*l 

■9 





mm 

3.18 

3.33 

0.125 

■HKil 

mm 

2.54 BSC 

■mm 

■a 


mxuw 

bh 


mm 


■HIM 


■HUhl 

i< 


12.70 

■Ot^l 

■■min 

L 

25.02 

25.53 



mm 

■Q21IEH 

■EEC 


Q 

2.39 

2.69 

uma 

PEi 

mm 

m 

mtm 

■miLi 



CASE 152-02 
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Ic, COLLECTOR CURRENT (AMP) hpE, DC CURRENT GAIN 


MPS-U51 r MPS-U51A 

ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l c = I.OmAdc, l B = 0) 

MPS-U51 
MPS-U51 A 

bv CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 #iAdc, l E = 0) 

MPS-U51 
MPS-U51 A 

bv CBO 

40 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/jAdc, l C = 0) 

bv EBO 

5.0 


Vdc 

Collector Cutoff Current 
(V C b = 30 Vdc, l E = 0) 

MPS-U51 

'CBO 


0.1 

nMc 

(V C b = 40 Vdc, l E = 0) 

MPS-U51 A 


- 

0.1 


Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c - 0) 

'EBO 


0.1 

jxAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
(l C = lOmAdc, V C E = 1 0 Vdc) 

(1 C = 100 mAdc, V CE = 1.0 Vdc) 

0 C = 1 0 Adc, V CE = 1.0 Vdc) 

h FE 

55 

60 

50 

- 


Collector-Emitter Saturation Voltage 
(l C = 1.0 Adc. I B = 0.1 Adc) 

v CE(sat) 


0.7 

Vdc 

Base-Emitter On Voltage 
(l C = 1.0 Adc, V C E = 1-0 Vdc) 

v BE(on) 

_ 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(lc = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 

fT 

50 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

30 

PF 


( 1 ) Pulse T est: Pulse Width < 300 fis. Duty Cycle < 2 0%. 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - "ON" VOLTAGES 
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FIGURE 3 - DC SAFE OPERATING AREA 



j. i i 1 i 1 i 1 ! — : — i — ! 1 i 1 i 1 

2.0 3.0 5.0 10 20 30 40 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a tran- 
sistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — ^CE I imits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 






IPS ■ U52 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose amplifier and driver applications. 
• Complement to NPN MPS-U02 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector- Base Voltage 

V CB 

60 

Vdc 

Enntter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

l c 

1. 5 

Adc 

Total Power Dissipation § t a = 25‘C 

P D 

1.0 

Watt 

Derate above 25 C C 


8.0 

I1)W/’C 

Total Power Dissipation (a) T £ = 25°C 

P D 

10 

Watts 

Derate above 25°C 


80 

mW / °C 

Operating and Storage Junction 

Temperature Range 

T T '» 

J stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0jc 

12.5 

°c/w 

Thermal Resistance, Junction to Ambient 

R tfjA 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (T* = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 m Adc, I B = 0) 

bv ceo 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c = 100m Adc, l £ = 0) 

bv cbo 

60 

- 

Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, I £ = 0) 

! cbo 

- 

100 

nAdc 


ON CHARACTERISTICS (2) 


DC Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc) 

(I c = 500 mAdc, V C£ = 10 Vdc) 

h FE 

50 

50 

30 

300 


Collector-Emitter Saturation Voltage 
(I £ = 150 mAdc, I 0 = 15 mAdc) 

V CE(sat) 

- 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(I £ = 150 mAdc, I B = 15 mAdc) 

V BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz 

f T 

100 

- 

MHz 

Output Capacitance 
( V CB = 1° Vdc, I £ = 0, f = 100 kHz) 

C ob 

- 

24 

PF 


(1) is measured with device soldered into a typical printed circuit board 

(2) Pulse Test: Pulse Width<300 ps, Duty Cycle:S2. 0% 


PNP SILICON 

AMPLIFIER TRANSISTOR 




PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC ! 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.38 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.C8 BSC 

0.200 BSC 

a 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 
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MPS-U52 


FIGURE 1 - DC CURRENT GAIN 


FfGURE 2 - "ON" VOLTAGES 
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MPS - SII55 (silicon) 

IPs - m 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

o High Collector-Emitter Breakdown Voltage — 

BVceO = 60 Vdc (Min) @ lc = 1.0 mAdc - MPS-U55 
80 Vdc (Min) @ lc = 1.0 mAdc - MPS-U56 

o High Power Dissipation — Pq = 10 W @ Tq = 25°C . 
o Complements to NPN MPS-U05 and MPS-U06 


PNP SILICON 

AMPLIFIER TRANSISTORS 


MAXIMUM RATINGS 





Rating 

Symbol 

MPS-U55 

MPS-U56 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

'c 

2.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

p D 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J« T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 


r 0JA 

125 

°C/W 

Thermal Resistance, Junction to Case 


R 0JC 

12.5 

°c/w 








A — | 

n 


STYLE 1 

PIN I EMITTER 

2 BASE 

3 COLLECTOR 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0 375 

B 

G 60 

7.24 

0.260 

0 285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0 38 

0.53 

0015 

0 021 

F 

3.18 

3.33 

0.125 

0 131 

G 

2.54 

BSC 

0.100 BSC 

H 

T§n 

4.19 

0.155 

0.165 

J 

0 36 

0.41 

0 014 

0 016 

K 

12.07 

12.70 

0.475 

0 500 

L 

25 02 

25.53 

0 985 

1005 

N 

508 

BSC 

0.201 

J BSC 

Q 

2 39 

I 2 69 

0.094 

0.106 

R 

1.14 

1 1.40 

0.045 

0.055 


Collector Connected 
to Tab 

CASE 152-02 
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MPS-U55, MPS-U56 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage m 


BVCEO 




Vdc 

(l C = 1.0 mAdc, l B = 0) 

MPS-U55 


60 

- 

- 



MPS-U56 


80 

- 

- 


Emitter-Base Breakdown Voltage 


BVebO 

4.0 

- 

_ 

Vdc 

(l E * 100-MAdc, lc = 0) 







Collector Cutoff Current 


! cbo 




nAdc 

(V CB = 40 Vdc, l E = 0) 

i MPS-U55 


- 

- 

100 


(V C b - 60 Vdc, l E = 0) 

MPS-U56 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 

UC = 50 mAdc, V CE = 1.0 Vdc) 

(l C = 250 mAdc, V CE = 1.0 Vdc) 

(1C = 500 mAdc, Vqe = 1.0 Vdc) 

h F E 

80 

50 

160 

130 

80 

- 


Collector-Emitter Saturation Voltage! 1) 

VcE(sat) 




Vdc 

(lc = 250 mAdc, Ig = 10 mAdc) 


- 




Oc = 250 mAdc, lg = 25 mAdc) 


- 




Base-Emitter On Voltage (1) 

v BE(on) 

- 

0.78 

1.2 

Vdc 

(1C = 250 mAdc, V C £ = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(1C = 250 mAdc, V C E * 5.0 Vdc, f = 100 MHz) 

fT 

50 

100 

- 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

C Q b 

~ 

10 

15 

PF 


(l)Pulse Test: Pulse Width ^300 ms, Duty Cycle ^2.0%. 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - "ON" VOLTAGES 




FIGURE 3 - ACTIVE-REGION SAFE 

OPERATING AREA FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 




There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc - Vqe limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based onTj(p^) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by secondi breakdown. 
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IPS - 1157 (SILICON) 



PNP SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


AMPLIFIER TRANSISTOR 
PNP SILICON 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


o High Collector-Emitter Breakdown Voltage — 
BVcEO = 100 Vdc (Min) @ Iq = 10 mAdc 


High Power Dissipation — Pq = 10 W @ Tq = 25°C 


Complement to NPN MPS-U07 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 

v CEO 

100 

Collector-Base Voltage 

VCB 

100 

Emitter-Base Voltage 

V EB 

4.0 

Collector Current — Continuous 

•c 

2.0 

Total Power Dissipation @ T/\ = 25°C 

Pd 

1.0 

Derate above 25°C 


8.0 

Total Power Dissipation Tq = 25°C 

Pd 

10 

Derate above 25°C 


80 

Operating and Storage Junction 

T J« T stg 

-55 to +150 

Temperature Range 



THERMAL CHARACTERISTICS 
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MPS-U57 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

— 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(IC= 10 mAdc, 1 b = 0) 

BVCEO 

100 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l C = lOOpAdc, l E = 0) 

BV E bo 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C B = 40 Vdc, l E = 0) 

‘CBO 

- 

- 


IB 


ON CHARACTERISTICS H) 


DC Current Gain 
(l C = 50 mAdc, V C E = 10 Vdc) 

(1 c = 250 mAdc, V CE = 1 .0 Vdc) 

(1C = 500 mAdc, V C E = 1.0 Vdc) 

h FE 

B 

140 

65 

30 

- 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(lc = 250 mAdc, lg = 10 mAdc) 


- 


0.5 


(1C = 250 mAdc, lg = 25 mAdc) 


- 


- 


Base-Emitter On Voltage 

v BE(on) 

- 

0.78 

1.2 

Vdc 

(l C = 250 mAdc, V C E = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product (1) 

(1C = 250 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

fj 

50 

100 

- 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

Oob 

- 

10 

15 

pF 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - DC CURRENT GAIN 
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5.0 7.0 10 20 50 70 100 200 500 

1C. COLLECTOR CURRENT (mA) 


FIGURE 2 - "ON" VOLTAGES 




1 0 2 0 5.0 10 20 50 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 3 is based on Tj(p|<) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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IPS *1160 (SILICON) 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose applications requiring high break- 
down voltages, low saturation voltages and low capacitance. 

° Complement to NPN Type MPS-U 10 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Collector-Base Voltage 

V CB 

300 

Vdc 

Emitter-Base Voltage 

V EB 

50 

Vdc 

Collector Current Continuous 

>c 

500 

mAdc 

Total Power Dissipation @Ta = 25°C 

PD 

1 0 

Watt 

Derate above 25°C 


80 

mW/°C 

Total Power ■ Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

T J T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

12 5 

°C/W 

Thermal Resistance, Junction to Ambient 

R0jA 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min' 

Max 

Unit 

OFF CHARACTERISTICS 

Collector Emitter Breakdown Voltaged) 

Oc = 1 0 mAdc, Ir = 0) 

b v ceo 

300 


Vdc 

Collector-Base Breakdown Voltage 

bv cb0 



Vdc 

(l C = 100 MAdc, l E = 0) 


300 

- 


Emitter-Base Breakdown Voltage 

BVebO 



Vdc 

(l E = lOMAdc, Iq = 0) 


50 



Collector Cutoff Current 

'CBO 



MAdc 

(V CB = 200 Vdc, l E =01 



02 


Emitter Cutoff Current 

•ebo 



MAdc 

( V BE = 3.0 Vdc, l c = 0) 



0 1 


ON CHARACTERISTICS 

DC Current Gain (2) 

h FE 




(l c = 1 0 mAdc, Vq E = 10 Vdc) 


25 



( 1 c = 10 mAdc, Vc E = 10 Vdc) 


30 



Oc = 30 mAdc, Vce = 10 Vdc) 


30 



Collector-Emitter Saturation Voltage 

vce (sat) 



Vdc 

Oc = 20 mAdc, l B = 2.0mAdc) 



0.75 


Base-Emitter Saturation Voltage 

v BE(sat) 


0.9 

Vdc 

0c = 20 mAdc, l B = 2.0 mAdc) ' 






DYNAMIC CHARACTERISTICS 


Current-Gam— Bandwidth Product 
(l c = 10 mAdc. V C E = 20 Vdc, f = 100 MHz) 

f T 

60 


MHz 

Collector-Base Capacitance 
(V CB =20 Vdc, l E =0, f = 1.0 MHz) 

Ccb 

- 

8.0 

pF 


(1) Pulse Test: Pulse Width < 300 (is, Duty Cycle < 2.0%. 


PNP SILICON 
HIGH VOLTAGE 
TRANSISTOR 




STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC | 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

~~K~ 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 BSC 

0.200 BSC 

~~Q~ 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 
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MPS-U60 


FIGURE 1 -DC CURRENT GAIN 





|0, COLLECTOR CURRENT (mA) 


FIGURE 2 -CAPACITANCES 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 -CURRENT-GAIN-BANDWIDTH PRODUCT 
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1C. COLLECTOR CURRENT (mA) 


FIGURE 4 - "ON” VOLTAGES 


FIGURE 5 - DC SAFE OPERATING AREA 


anu 

■■an i 

ami 

■■■■■ 

n mmmmm 

■■ass i 

afllll 

■■■■■ 

■■in 

■■■■■ i 

■mi 

■■■■■ i 

■mi 

■■■■■ m 

■■hi 

z... 

| VcE(sat) @ IC/lB = 10 | | | | | 

■■■iiiiiaiauiiiii 
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1C, COLLECTOR CURRENT (mA) 


Tj = 150°C 


SECOND BREAKDOWN LIMITED 


BONDING WIRE LIMITED 


THERMALLY LIMITED @Tq = 25°C 
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UPS ■ 1195 (silicon) 


PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

. . . designed for amplifier and driver applications. 

• High DC Current Gain — 

hpE = 25,000 (Min) @ lc = 200 mAdc 
15,000 (Min) @ lc = 500 mAdc 

® Collector-Emitter Breakdown Voltage — 

BVqeS = 40 Vdc (Min) @ lc = 100 /iAdc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1.5 Vdc @ lc = 1.0 Adc 

• Monolithic Construction for High Reliability 

• Complement to NPN MPS-U45 


MAXIMUM RATINGS 




Rating 

Symbol 

Value. 

Unit 

Collector-Emitter Voltage 

V C EO (1) 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

12 

Vdc 

Collector Current -Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

P D 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J< T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0ja 

125 

°C/W 

Thermal Resistance, Junction to Case 

R0 JC 

12.5 

°c/w 

(1 ) Due to the monolithic construction of this device, breakdown voltages of both 

transistor elements are identical. BV^ES ' s tested in lieu of BVqeO m order to 

avoid errors caused by noise pickup. The voltage measured during the BVqeS 
test is the BVq^q of the output transistor. 


PNP SILICON 

DARLINGTON 

TRANSISTOR 




STYLE V 
PIN 1. EMITTER 
2 BASE 

3. COLLECTOR 


CASE 152-02 




A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

0 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.03 BSC 

0.20 

)BSC 

Q 

2.39 1 2.69 

0.094 

0.106 

R 

1.14 1 1.40 

0.045 

0.055 
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MPS-U95 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = lOO/uAdc. V BE = 0) 

bvqes 

40 


- 

Vdc 

Collector-Base Breakdown Voltage 
(lC = 100/nAdc, l E = 0) 

BVqbO 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10/iAdc, l C = 0) 

BV EB o 

10 

_ 

— 


Collector Cutoff Current 
(V CB = 30 Vdc, l E - 0) 

*CBO 

- 

- 

100 


Emitter Cutoff Current 
(V EB =8.0 Vdc, lc = 0) 

'EBO 

— 

~ 

100 

nAdc 


ON CHARACTERISTICS^! ) 


DC Current Gain 

(lC = 200 mAdc, V C E = 5.0 Vdc) 
dC = 500 mAdc, Vq E = 5.0 Vdc) 

(lC = 10 Adc, V C E = 5.0 Vdc) 

■ 

25.000 

15.000 

4.000 

65.000 

35.000 

12.000 

150,000 


Collector-Emitter Saturation Voltage 
dc = 1-0 Adc, l B = 2.0 mAdc) 


- 

1.2 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
dc -10 Adc, l B = 2.0 mAdc) 

v BE(sat) 

- 

1.85 

2.0 

Vdc 

Base-Emitter On Voltage 
dc = 1 0 Adc, Vce = 5.0 Vdc) 

v BE(on) 


1.7 

o 

CN 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain (1) 

dC = 200 mAdc, V C E = 5.0 Vdc, f = 100 MHz) 

|hf e l 

0.5 

3.2 

- 

- 

Collector Base Capacitance 

(V C B = 10 Vdc, l E = 0, f = 1.0 MHz) 

^cb 


2.5 

12 

pF 


T 


^ 1 ) Pulse Test: Pulse Width ^300 /is, Duty Cycle <T 2.0%. 


Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 1 4 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. 
They are also usefui as power drivers for high current application such as voltage regulators. 
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MPS-U95 


5-WATT AUDIO AMPLIFIER 


+20 V 



Q1 • MPS-A13 (DARLINGTON) 

Q2 • MPS-A70 
Q3 • MPS-A20 

Q4 • MPS-U45 f COMPLEMENTARY 

Q5 • MPS-U95 ( DARLINGTONS 


4-648 


NPN PNP 

TIP29 TIP30 
TIP29H TIP30A 
TIP29B TIP30B 
TIP29C TIP30C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. Compact TO-220 AB package. TO-66 leadform also 
available. 


MAXIMUM RATINGS 


Rating 

Symbol 

TIP29 

TIP30 

TIP29A 

TIP30A 

TIP29B 

TIP30B 

TIP29C 

TIP30C 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCB 

40 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V E B 


Vdc 


Collector Current — Continuous 
Peak Peak 

•c 

-<a 1.0 

•<J 3.0 

Adc 

Base Current 

'B 

-O 0.4 0>- 

Adc 

Total Power Dissipation 
@ T C = 25°C 

Derate above 25°C 

Pd 

-O 30 t>- 

-<J 0.24 ► 

Watts 

W/°C 

Total Power Dissipation 
@ T a = 25°C 

Derate above 25°C 

Pd 

-a 2.0 1»- 

-» 0.016 6*- 

Watts 

W/°C 

Unclamped Inductive Load 

Energy (See Note 3) 

E 

32 0 - 

mJ 

Operating and Storage Junction 
Temperature Range 

Tj- T stg 

-a -65 to +150 O- 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

4.167 

°C/W 

Thermal Resistance, Junction to Ambient 

R flJA 

62.5 

°c/w 


ELECTRICAL CHARACTERISTICS (T c = 

25°C unless otherwise noted) 



Characteristic 


Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

TIP29, TIP30 

v CEO(sus) 

40 

- 

Vdc 

(l c = 30 mAdc, l B = 0) 

TIP29A, TIP30A 


60 

- 



TIP29B, TIP30B 


80 

_ 



TIP29C, TIP30C 


100 

- 


Collector Cutoff Current 


>CEO 



mAdc 

(V C E =30 Vdc, l B =0) TIP29, TIP29A 

, TIP30, TIP30A 


- 

0.3 


(Vqe = 60 Vdc, l B = 0) TIP29B, TIP29C, TIP30B, TIP30C | 


- 

0.3 


Collector Cutoff Current 


•CES 



uAdc 

(V CE =40 Vdc. V EB =0) 

TIP29, TIP30 


- 

200 


(Vce = 60 Vdc, V EB = 0) 

TIP29A, TIP30A 


- 

200 


(V C E = 80 Vdc, V EB = 0) 

TIP29B, TIP30B 


- 

200 


(V CE = 100 Vdc, V EB =0) 

TIP29C, TIP30C 


- 

200 


Emitter Cutoff Current 


•ebo 

- 

1.0 

mAdc 

<V BE = 5.0 Vdc, l c =0) 






ON CHARACTERISTICS <1| 

DC Current Gam 


h FE 



_ 

(1C - 0.2 Adc, V CE =4.0 Vdc) 



40 

- 


(1C = 1.0 Adc, Vce = 4.0 Vdc) 



15 

75 


Collector-Emitter Saturation Voltage 


v CE(sat> 

- 

0.7 

Vdc 

(l C = 1.0 Adc, l B = 125 mAdc) 






Base-Emitter On Voltage 


v BE(on> 

- 

1.3 

Vdc 

(l c = 1.0 Adc. V C E = 4.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product (2) 

(l c = 200 mAdc, V C E = 10 Vdc. f test = 1 MHz) 

‘T 

3.0 


MHz 

Small-Signal Current Gain 

(l c - 0.2 Adc, V C e = 10 Vdc, f = 1 kHz) 

h fe 

20 




1 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
30 WATTS 




2. COLLECTOR 

3. EMITTER 
,4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

a 

9.65 

10.29 

0.380 

0.405 

c 

4.06 

4.82 

0.160 

0.190 

□ 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 I 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

V 

1.14 


0.045 



CASE 221A-02 
TO-2120AB 


ID Pulse Test: Pulse Width < 300 m, Duty Cycle < 2.0%. 

(2) f T = ,h fe 1 • f t est 

(3) This rating based on testing with Lc = 20 mH, R BE = 100 O, Vce = 10 V, Iq = 1 .8 A, P.R.F. = 10 Hz. 
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, COLLECTOR CURRENT. (AMPS) 


TIP29, TIP29A, TIP29B, TIP29C, NPN, TIP30, TIP30A, TIP30B, TIP30C, PNP 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - TURN-OFF TIME 



FIGURE 3 - SWITCHING TIME EQUIVALENT CIRCUIT 


TURN ON PULSE 



RB and Rc VARIED TO OBTAIN 
DESIRED CURRENT LEVELS. 



V CE , COLLECTOR EMITTER VOLTAGE, (VOLTS) 



FIGURE 4 - TURN-ON TIME 



1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc' v CE operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based onTjjpk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p | < ) < 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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NPN 


PNP 


TIP31 TIIP32 
T1P31A ¥IP32M 
TIP31B TIP32B 
TIP31C T1P32C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

o Collector-Emitter Saturation Voltage — 

v CE(sat) = 12 Vdc < Max ) @ >C = 3.0 Adc 
o Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 40 Vdc (Min) ~ TIP31, TIP 32 

= 60 Vdc (Min) - TIP31 A, TIP32A 
= 80 Vdc (Min) - TIP31B, TIP32B 
= 100 Vdc (Min) - TIP31C, TIP32C 
o High Current Gain — Bandwidth Product 
f T = 3.0 MHz (Min) @ l c = 500 mAdc 

o Compact TO-220 AB Package 
o TO-66 Leadform Also Available 

♦MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current - Continuous 
Peak 

Base Current 

Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 
Total Power Dissipation 
@ T A = 25°C 
Derate above 25°C 
Unclamped Inductive 
Load Energy (1 ) 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 
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TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP 


ELECTRICAL CHARACTERISTICS (Tq - 25°C unless otherwise noted) 


\ Characteristic 

OFF CHARACTERISTICS ~~ ~~ 



Collector-Emitter Sustaining Voltage (1 ) 
(l C = 30mAdc, l B = 0) 

TIP31, TIP32 
TIP31A, TIP32A 
TIP31B, TIP32B 
TIP31C, TIP32C 

Collector Cutoff Current 

(V C e = 30 Vdc, l B = 0) 

TIP31 , TIP31 A, TIP32, TIP32A 

(V C E=60Vdc f l B = 0) 

TIP31B, TIP31C, TIP32B, TIP32C 

Collector Cutoff Current 

(V C E = 40 Vdc, V EB = 0) 

TIP31 , TIP32 

(V C E = 60Vdc,V EB =0) 

TIP31A, TIP32A 

(V C E =80 Vdc, V EB =0) 

TIP31B, TIP32B 

(V C E = 100Vdc.V EB = 0) 

TIP31C, TIP32C 

Emitter Cutoff Current 


(V BE “ 5.0 Vdc, l C = 0) 
















Ic. COLLECTOR CURRENT (AMP) r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


TIP31, TIP31A, TIP31B, TIP31C, l\IPN, TIP32, TIP32A, TIP32B, TIP32C, PNP 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p j < ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 150°C. Tj( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN-OFF TIME 
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! - 0.1 0 + 0.1 + 0.2 + 0.3 + 0.4 + 0.5 + 0.6 

Vrf. BASE-EMITTER VOLTAGE (VOLTS) 


20 40 60 80 100 120 

Tj, JUNCTION TEMPERATURE (°C) 





NPN PNP 



COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

o Collector-Emitter Saturation Voltage — 

v CE(sat) = 1*5 Vdc (Max) @ \q = 6.0 Adc 
o Collector-Emitter Sustaining Voltage - 

v CEO(sus) = 40 Vdc (Min) — TIP41 , TIP42 

= 60 Vdc (Min) - TIP41 A, TIP42A 
= 80 Vdc (Min) - TIP41 B, TIP42B 
= 100 Vdc (Min) - TIP41C, TIP42C 
o High Current Gain - Bandwidth Product 
f T = 3.0 MHz (Min) @ l c = 500 mAdc 
o Compact TO-220!AB Package 
o TO-66 Leadform Also Available 


6 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
65 WATTS 


“MAXIMUM RATINGS 



Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Base Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Total Power Dissipation 
@ T a = 25°C 
Derate above 25°C 


Unclamped Inductive 
Load Energy (1 ) 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


T J< T stg 


TIP41 

TIP42 


TIP41A 

TIP42A 


TIP41B 

TIP42B 


80 


80 


TIP41C 

TIP42C 


6 

■ 10 - 


• 65 - 
0.52 


2.0 

0.016 


-65 to +1 50 


Watts 

W/°C 


Watts 

W/°C 


°C/W 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance .Junction to Ambient 


Symbol 


R 0JC 


r 0JA 


°C/W 


°C/W 


(1) l c = 2.8 A, L= 50mH, P.R.F. = 10 Hz. V CC = 10 V, R BE = 100 ft. 


2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

_y_ 

1.14 


0.045 



CASE 221A-|02 
TO-220AB 



4-655 



TIP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l c = 30 mAdc, l B = 0) 

TIP41 , TIP42 

TIP41 A, TIP42A 
TIP41 B, TIP42B 
TIP41C, TIP42C 

VCEO(sus) 

40 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V C E = 30 Vdc, l B = 0) 

TIP41 , TIP41 A, TIP42, TIP42A 


- 

0.7 


(V CE =60 Vdc, l B = 0) 

TIP41 B, TIP41C, TIP42B, TIP42C 


- 

0.7 


Collector Cutoff Current 





/*Adc 

(V C E =40 Vdc,V EB = 0) 

TIP41 , TIP42 



400 


(V C E = 60 Vdc,V EB = 0) 

TIP41 A, TIP42A 


- 

400 


(V CE =80 Vdc,V EB =0) 

TIP41 B, TIP42B 


- 

400 


(V C E = 100Vdc,V EB = 0) 

TIP41C, TIP42C 


- 

400 


Emitter Cutoff Current 


Iebo 

- 

1.0 


(V BE =5.0 Vdc, l C =0) 








ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 0.3 Adc, V CE = 4.0 Vdc) 

( l C = 3.0 Adc, V CE = 4.0 Vdc) 

hFE 

30 

15 

75 


Collector-Emitter Saturation Voltage 
(lc = 6.0 Adc, l B = 600 mAdc) 

VcE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 

(1C = 6.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 

— 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(1C = 500 mAdc, V C e = 10 Vdc, f test = 1 MHz) 

*T 

3.0 

- 

MHz 

Small-Signal Current Gain 

(l C = 0.5 Adc, V C E = 10 Vdc, f = 1 kHz) 

Ihfel 

20 

— 

— 


(1) Pulse Test: Pulsewidth < 300 /us. Duty Cycle < 2.0%. 

( 2 ) f T -lhfel*f t est 



0 20 40 GO 80 100 120 140 160 

T, TEMPERATURE («C) 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


Vcc 

+30 V 



t r , tf Slio ns 
DUTY CYCLE = 1.0% 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib =100 mA 
MSD6100 USED BELOW Ib =100 mA 
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HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 


. . . designed for line operated audio output amplifier, Switchmode^ ) 
power supply drivers and other switching applications. 

o 250Vto400 V (Min) - V ce0 ( SL)S ) 
o 1 A Rated Collector Current 
© Popular TO-220 Plastic Package 
o TO-66 Leadform Available 


MAXIMUM RATINGS 


Rating 

Symbol 

TIP47 

TIP48 

TIP49 

TIP50 

I 

Collector-Emitter Voltage 

v CEO 






Collector-Base Voltage 

V CB 


400 

450 

H ■ 


Emitter-Base Voltage 

V EB 

-<5} 5.0 O* 


Collector Current— Continuous 
Peak 

•c 

■<33 1.0 £► 

-<3 2.0 E>- 

Adc 

Base Current 

*B 

•<3 0.6 E>- 

Adc 

Total Power Dissipation 
@ T C = 25° C 

Derate above 25° C 

PD 

«q 40 O- 

-=U 0.32 O- 

Watts 

w/°c 

Total Power Dissipation 
@ T a = 25° C 

Derate above 25° C 

Pd 

-<3 2.0 

•<3 0.016 E>- 

Watts 

W/°C 

Unclamped Inducting Load 
Energy (See Figure 8) 

E 

-<3 20 O- 

mJ 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

■<3 65 to +150 E>- 

°.C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance. Junction to Case 

R 0JC 

3.125 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

62.5 

°C/W 



1.0 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-350-400 VOLTS 
40 WATTS 




2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAXr 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

D 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

a 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

s 

,1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

u 

0.76 

1.27 

0.030 

0.050 

V 

1.14 


0.045 



CASE 221A-02 
TO-220 A B 
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TIP47, TIP48, TIP49, TIP50 NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol j Min \ Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 30 mAdc, l B = 0> 

TIP47 

TIP48 

TIP49 

TIP50 

v CEO(sus) 

250 

300 

350 

400 

- 

Vdc 

Collector Cutoff Current 


'CEO 


■ 

mAdc 

(V C E = 150 Vdc, l B = 0) 

TIP47 


- 

■ 


(V CE = 200 Vdc, l B = 0) 

TIP48 


- 

HEH 


(V CE = 250 Vdc, l B = 0) 

TIP49 


- 



(V CE = 300 Vdc, l B =0) 

TIP50 


- 



Collector Cutoff Current 


'CES 



mAdc 

(V CE = 350 Vdc, V BE = 0) 

TIP47 


- 



(V CE = 400 Vdc, V BE = 0) 

TIP48 


- 

KdB 


(V CE = 450 Vdc, V BE = 0) 

TIP49 


- 

K1 


(V CE = 500 Vdc, V BE = 0) 

TIP50 


- 

■H 


Emitter Cutoff Current 



_ 

1.0 

mAdc 

(V BE =5.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(IC = 0.3 Adc, V CE = 10 Vdc) 

Oc = 1.0 Adc, Vq E = 10 Vdc) 

h F E 

30 

10 


- 

Collector-Emitter Saturation Voltage 
(1C = 1.0 Adc, l B = 0.2 Adc) 


- 

1.0 

Vdc 

Base-Emitter On Voltage 

Oc = 1.0 Adc, Vce = 10 Vdc) 

v BE(on) 

~ 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

OC = 0.2 Adc, V C E = 10 Vdc, f = 2.0 MHz) 

IT 

10 

- 


Small-Signal Current Gain 

OC = 0.2 Adc, V C e = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

- 

- 


(1) Pulse Test: Pulsewidth < 300 jus. Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 


TURN ON PULSE 



RB and Rc VARIED TO OBTAIN 
DESIRED CURRENT LEVELS. 



0.02 0.05 0.1 0.2 0.5 1.0 2.1 

l c . COLLECTOR CURRENT (AMPS) 
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r{t>, TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


TIP47, TIP48, TIP49, TIP50 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 6 - TURN-OFF TIME 



There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE • mnits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j ( p k ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj^pk) ^ 150°C. Tj( p k) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less' than the limitations imposed by second breakdown. 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 

i C , COLLECTOR CURRENT (AMPS) 
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h FE , DC CURRENT GAIN 






NPN PNP 

TIP100 T1P105 
TIP101 TIP106 
TIP102 TIP107 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

® High DC Current Gain — 

h FE = 2500 (Typ) @ | C = 4.0 Adc 
© Collector-Emitter Sustaining Voltage — @ 30 mAdc 
v CEO(sus) = 60 Vdc (Min) - TIP100, TIP105 
= 30 Vdc (Min) - TIP101, TIP106 
= 100 Vdc (Min) - TIP102, TIP107 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ lc = 3.0 Adc 
= 2.5 Vdc (Max) @ \q = 8.0 Adc 
® Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

• TO-220AB Compact Package 

® TO-66 Leadform Also Available 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
80 WATTS 


"MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Unclamped Inductive Load Energy (1) 


Total Power Dissipation @ T^ =■ 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


T J' T st g 


TIP100, 

TIP105 


TIP101 , 
TIP106 


TIP102, 

TIP107 


- 8 . 0 - 
- 15 - 


- 80 - 
- 0.64 - 


- 2.0 - 

- 0.016 - 


Watts 

W/°C 


Watts 

W/°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R flJC 

1.56 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°C/W 


(1) l C ^ 1.1 A, L = 50 mH, P.R.F. = 10 Hz, V C C = 20 V, R BE = 100 SI. 




3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0.025 

0.035 

F 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

H 

2.79 

3.30 

0.110 

0.130 

J 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.271 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

H 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

r 2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

_y_ 

1.14 


0.045 



CASE 221A-02 
TO-220AB 
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TIP100, TIP101, TIP102 NPIM/TIP105, TIP106, TIP107 PNP 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

. Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VcEO(sus) 



Vdc 

(l c = 30 mAdc, l B = 0) 

TIP100, TIP105 


60 

- 



TIP101, TIP106 


80 

- 



TIP102, TIP107 


100 

- 


Collector Cutoff Current 


•CEO 



juAdc 

(V C F. = 30 Vdc, l B =0) 

TIP100, TIP105 


- 

50 


(V C E = 40 Vdc, l B = 0) 

TIP101 , TIPI 06 


- 

. 50 


(V C E = 50 Vdc, I b = 0) 

TIP102, TIP107 


- 

50 


Collector Cuttoff Current 


•CBO 



^Adc . 

(V CB =60 Vdc, l E = 0) 

TIP100, TIP105 


- 

50 


(V CB = 80 Vdc, l E =0) 

TIP101 , TIP106 


- 

50 


(V C b = 100 Vdc, l E = 0) 

TIP102, TIP107 


- 

50 


Emitter Cutoff Current 


'EBO 

- 

8.0 

mAdc 

(V BE = 5.0 Vdc, l c = 0) 







ON-CHARACTERISTICS (1) 


DC Current Gain 

(1C = 3.0 Adc, V CE = 4.0 Vdc) 

(1C = 8.0 Adc, V CE = 4.0 Vdc) 

hpE 

1000 

200 

20,000 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 3.0 Adc, l B = 6.0 mAdc) 


- 

2.0 


(l c = 8.0 Adc, l B = 80 mAdc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(lc = 8.0 Adc, V CE = 4.0 Vdc) 


- 

2.8 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l c = 3.0 Adc, V C E = 4.0 Vdc, f = 1 .0 MHz) 

Ihfe 1 

4.0 



Output Capacitance 

c ob 



pF 

(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) TIP105, TIP106, TIP107 


- 

300 


TIPI 00, TIP101,TIP102 


- 

200 



(1 ) Pulse Test: Pulse Width < 300 jus. Duty Cycle < 2%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 
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1C, COLLECTOR CURRENT (AMP) 








hfe. SMALL-SIGNAL CURRENT GAIN - lc . C 0 LLEC T0R CURRENT (MA) f(t) TRANS | ENT THERMAL RESISTANCE (NORMALIZED) 
















V. VOLTAGE (VOLTS) Vqe. COLLECTOR EMITTER VOLTAGE (VOLTS) hpE * DC CURRENT GA,N 


TIPIOO, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP 



1C. COLLECTOR CURRENT (AMP) 







URE COEFFICIENT (mW°C) 


TIPI 00, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PIMP 



1C, COLLECTOR CURRENT (AMP) 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 




TIP110 TIP115 
TSP111 TIP116 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hpE = 2500 (Typ) @ lc = 1.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 30 mAdc 

VcEO(sus) = 60 Vdc (Min) - TIP1 10, TIP1 15 
= 80 Vdc (Min) - TIP1 1 1, TIP1 16 
= 100 Vdc (Min) - TIP1 12, TIP1 17 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 2.5 Vdc (Max) @ Iq = 2.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


DARLINGTON 
2 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
50 WATTS 


MAXIMUM RATINGS 


TIP110, TIP1 11, TIP1 12, 

Symbol TIP1 15 TIP116 TIP117 Unit 




Collector Current — Continuous lc 

Peak 

Base Current Ib 

Total Power Dissipation @ Tq = 25°C Pq 

Derate above 25°C 

Total Power Dissipation @ T/^ = 25°C Pq 

Derate above 25°C 

Unclamped Inductive E 

Load Energy — Figure 13 


Operating and Storage Junction, Tj, T stg 


THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 






- POWER DERATING 




40 60 80 100 

T, TEMPERATURE (°C) 


STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 



MILLIMETERS 

INCHES 

n 

DIM 

MIN 

MAX 

MIN 

MAX 

1 

A 

15.11 

15.75 

0.595 

0.620 

8 

R 

9.65 

10.29 

0.380 

0.40b 


C 

4.06 

4.82 

0.160 

0.190 


n 

0.64 

0.89 

0.025 

0.035 


F 

3.61 

3.73 

0.142 

0.147 


(i 

2.41 

2.67 

0.095 

0.10b 


H 

2.79 

3.30 

0.110 

0.130 


J 

0.36 

0.56 

0.014 

0.022 


K 

12.70 

14.27 

0.500 

0.562 


L 

1.14 

1.27 

0.045 

0.050 


N 

4.83 

5.33 

0.190 

0.21C 


Q 

2.54 

3.04 

0.100 

0.120 


R 

2.04 

2.79 

0.080 

0.110 

r 

S 

1.14 

1.39 

0.045 

0.055 


T 

5.97 

6.48 

0.235 

0.255 


U 

0.76 

1.27 

0.030 

0.050 



CASE 221A-02 
TO-220AB 











TIP1 10, TIP1 11, TIP1 12, NPN, TIP1 15, TIP1 16, TIP1 17, PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 30mAdc, l B = 0) 

TIP1 10, TIP1 15 

TIP1 1 1 , TIP1 16 

TIP1 12, TIP1 17 

V CEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E = 30 Vdc, l B = 0) 

TIP1 10, TIP1 15 


- 

1 2.0 


(Vce = 40 Vdc, = 

TIP1 1 1 , TIP1 16 


- 

2.0 


(V CE = 50 Vdc. I B =0) 

TIP1 12, TIP1 17 


- 

2.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB - 60 Vdc, l E =0) 

TIP1 1 0, TIP1 1 5 


*- 

1.0 


<V CB = 80 Vdc. I E = 0) 

TIP1 1 1 , TIP1 16 


_ 

1.0 


(V CB = 100 Vdc. I E = 0) 

TIP1 12, TIP1 1 7 


- 

1.0 


Emitter Cutoff Current 


1 BO 

_ 

2.0 

mAdc 

(V BE =5.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 1.0 Adc,V CE =4.0 Vdc) 

(l C = 2.0 Adc, V CE = 4.0 Vdc) 

h FE 

1000 

500 

- 

~ 

Collector-Emitter Saturation Voltage 
(lC = 2.0 Adc, l B = 8.0 mAdc) 

VcE(sat) 

- 

2.5 

Vdc 

Base-Emitter On Voltage 

(l c = 2.0 Adc, V C E = 4 -0 Vdc) 

v BE(on) 

_ 

2.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l C = 0.75 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

|hf e 1 

25 


_ 

Output Capacitance 

c ob 



pF 

(V CB = 10 Vdc, l E =0,f = 0.1 MHz) TIP115,TIP116, TIP117 


- 

200 


TIP1 10, TIPI 1 1, TIP1 1 2 


- 

100 



(1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



FIGURE 3 - SWITCHING TIMES 
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TIP1 10, TIP1 11, TIP1 12, NPN, TIP115, TIP1 16, TIP1 17, PIMP 


FIGURE 4 - THERMAL RESPONSE 
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ACTIVE-REGION SAFE-OPERATING AREA 


FIGURE 5 - TIP115, 116, 117 


FIGURE 6 - TIP1 10, 111, 112 
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-BONDING WIRE LIMITED 
-THERMALLY LIMITED 
@T C = 25°C (SINGLE PULSE) 
-SECONDARY BREAKDOWN LIMITED 
CURVES APPLY BEI Ow' 

RATED V CE0 


IkllUl? 


MBlMl 

iBiinl 
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■■■■III 


Mill! 


BONDING WIRE LIMITED 

THERMALLY LIMITED 

@T C = 25°C (SINGLE PULSE) -- 

—SECOND BREAKDOWN LIMITED 

- I CURVES APPLY BELOW 

RATED V CE0 


V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - CAPACITANCE 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown 
Safe operating area curves indicate Iq - ^CE of the tran- 

sistor that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate 

The data of Figures 5 and 6 is based on Tj(pj<) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p j<) <150°C. Tj( p j<) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 


Mil 


laii 


is&asui 


issuia 



0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 40 

Vr, REVERSE VOLTAGE (VOLTS) 











Om. TEMPERATURE COEFFICIENTS (mV/°C) 


TIP1 10, TIP1 11, TIP1 12, NPN, TIP1 15, TIP1 16, TIP1 17, PNP 


NPN 

TIPI 10, 111,112 


PNP 

TIP1 15, 116, 117 


FIGURE 11 - TEMPERATURE COEFFICIENTS 




FIGURE 12 - COLLECTOR CUT OFF REGION 




FIGURE 13 - INDUCTIVE LOAD SWITCHING 


TEST CIRCUIT 



NOTE A: Input pulse width is increased until Iqm = 0.71 A, 
NPN test shown; for PNP test 
reverse all polarity and use MJE224 driver. 


VOLTAGE AND CURRENT WAVEFORMS 






NPN PNP 

TIP120 TIP125 
TIP121 TIP126 
TIP122 TIP127 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

o High DC Current Gain — 

h FE = 2500 (Typ) @ l C = 4.0 Adc 
o Collector-Emitter Sustaining Voltage - @ 100 mAdc 
v CEO(sus) = 60 Vdc (Min) “ TIP120, TIP125 
= 80 Vdc (Min) — TIP121, TIP126 
= 100 Vdc (Min) - TIP122, TIP127 
o Low Collector-Emitter Saturation Voltage - 
v CE(sat) = 2.0 Vdc (Max) @ lc = 3.0 Adc 
= 4.0 Vdc (Max) @ lc = 5.0 Adc 
• Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

® TO-220AB Compact Package 
o TO-66 Leadform Also Available 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
65 WATTS 


"MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Base Current 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 


Unclamped Inductive 
Load Energy (1) 


Operating and Storage Junction, 
Temperature Range 


Symbol 


v CEO 


V CB 


PD 


PD 


T J« T stg 


TIP120, 

TIP125 


TIP121, 

TIP126 


80 


80 


TIP122, 

TIP127 


5.0 

8.0 


- 2.0 - 

0.016 ■ 


Watts 

W/°C 


Watts 

W/°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.92 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

62.5 

°c/w 


(1) l C = 1 A, L = 100 mH, P.R.F. = 10 Hz, V CC = 20 V, R BE = 100 n. 




EMITTER 

COLLECTOR 


0IM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.11 

15.75 

0.595 

0.620 

B 

9.65 

10.29 

0.380 

0.405 

C 

4.06 

4.82 

0.160 

0.190 

0 

0.64 

0.89 

0.025 

0.035 

~T~] 

3.61 

3.73 

0.142 

0.147 

G 

2.41 

2.67 

0.095 

0.105 

T 

2.79 

3.30 

0.110 

0.130 

J. 

0.36 

0.56 

0.014 

0.022 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.27 

0.045 

0.050 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.76 

1.27 

0.030 

0.050 

V 

1.14 


0.045 



CASE 221A-02 
TO-220AB 
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TIPI 20, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP 


ELECTRICAL CHARACTERISTICS 0"c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min ) Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l c = lOOmAdc, l B = 0) 

TIP120, TIP125 

TIP121 , TIP126 

TIP122, TIP127 

V CEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, Iq = O) 

TIP120, TIP125 


- 

0.5 


(V CE =40 Vdc, l B = 0) 

TIP121 , TIP126 


_ 

0.5 


{V C E = 50Vdc, l B = 0) 

TIP122, TIP127 


- 

0.5 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB =60 Vdc, l E =0) 

TIP120, TIP125 


- 

0.2 


(V C b =80 Vdc, l E = 0) 

TIPI 21 , TIP126 


- 

0.2 


(V C b = 100 Vdc, l E = 0) 

TIP122, TIP127 


- 

0.2 


Emitter Cutoff Current 


'EBO 

- 

2.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0)' 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 0.5 Adc, V CE = 3.0 Vdc) 

(l C = 3.0 Adc, V C E = 3.0 Vdc) 

hpE 

1000 

1000 

- 

— 

Collector-Emitter Saturation Voltage 
(Iq = 3.0 Adc, l B = 12 mAdc) 

(lC = 5.0 Adc, l B = 20 mAdc) 

v CE(sat) 

- 

2.0 

4.0 

Vdc 

Base-Emitter On Voltage 

(lC = 3.0 Adc, V CE = 3.0 Vdc) 

v BE(on) 

_ 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(lC = 3.0 Adc, Vce = 4.0 Vdc, f = 1 .0 MHz) 

1 hfe 1 

4.0 

_ 

_ 

Output Capacitance 

Cob 



pF 

(Vqb = 10 Vdc, l E = 0, f = 0.1 MHz) TIP125, TIP126, TIP127 


- 

300 


TIPI 20, TIPI 21 , TIPI 22 


- 

200 



(1) Pulse Test: Pulse Width ^ 300 ms, Duty Cycle < 2%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


RB & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
0 1 , MUST BE FAST RECOVERY TYPES, e g , 

MBD53QG USED ABOVE Ib * 100 mA 
MSD6100 USED BELOW Ib * 100 mA 


+8 OV 

*."1 
approx | 



-12V I 





25 ps 

tr.tl 

1 < 10 ns 


DUTY CYCLE = 

10% 



for td and t r , Dj is disconnected 
and V 2 = 0 

For NPN test circuit reverse all polarities 


FIGURE 3 - SWITCHING TIMES 
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hfe, SMALL-SIGNAL CURRENT GAIN _ 'C. COLLECTOR CURRENT (AMP) 


TIP120, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP 


FIGURE 4 - THERMAL RESPONSE 






IEDI 




rrui 


DUTY CYCLE. 0 = ti/t2 


READ TIME AT ti 


Tj(pk) - Tc = P(pk) Z 0 jc(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


THERMALLY LIMITED @ Tq = 25°C 


(SINGLE PULSE) 


SECOND BREAKDOWN LIMITED 


CURVES APPLY BELOW RATED VcEO 


TIPI 20, TIPI 25, 


TIP121. TIP126, 


TIP122, TIP127 


2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — VcE limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j( p k ) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) < 150°C. Tj( p |<} may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 


-VcE = 4.0 Vdc 
— I C = 3.0 Adc " 


PNP : 

NPN ‘ 


-++M--+ 

2 0 5.0 10 20 


20 50 100 200 500 1000 

, FREQUENCY (kHz) 


30 1.. , ■ 

0 1 0.2 


0.5 1 0 2 0 5 0 10 20 

Vr, REVERSE VOLTAGE (VOLTS) 


— 

-T 

r 

= 

r 

25 

r 

°c 

r ~ 




_l 


> 










k, 



N 





"1 
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Thyristors . . . 

TRIGGERED SWITCHES FOR YOUR POWER 
HANDLING APPLICATION 


Thyristors and their trigger devices can take numerous forms, but they share these characteristics: 

• They are "open circuits,” capable of withstanding rated voltage until triggered. 

® They become low-impedance current paths when triggered, and remain so, even after the 
trigger source is removed, until current through that path stops, or is reduced below a minimum 
"holding” level. 

The regenerative action which "holds” a Thyristor in the "on” state is due to multiple layers of opposite 
P and N silicon, in which part of the load current through the Thyristor is injected to supplement the trigger 
current, and to sustain conduction when the trigger is removed. This characteristic, coupled with the 
Thyristor’s low “on resistance,” makes it possible to control a portion of each cycle of an AC power 
waveform into a load, in low-dissipation "dimming” or motor speed control applications, to precisely switch 
capacitive discharge currents in automotive ignition systems, or to efficiently modulate radar systems with 
high current, fast pulses. 



r 




SCRs 

Silicon-Controlled Rectifiers (SCRs) are Thyristors intended to switch load currents 
in one direction only, making them useful for DC and half-wave AC applications as 
well as full-wave applications, in which bidirectional current is routed in one direction 
through the SCR via a bridge rectifier. 



High-current Radar pulse modulator 
SCRs. 



For battery chargers, flashers and other 
applications where high humidity-conditions 
might be encountered, the 20 Ampere, 
metal-packaged, pressfit SCR line is highly 
popular, due to low manufacturing cost. 



Types 2N6506, 2N3896 and 2N6396 are 
especially suited for use in Power Supply 
Crowbar Protection. 


v. 
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NUMERIC INDEX 

The following Motorola device types are recommended from the standpoint of cost, performance and 
delivery. If your specific requirement is not included in this listing (or the one below it), please ask your 
Motorola Sales Representative for special price and delivery information. 


r 


Device Type 

MAC Devices (Triacs) 
MAC15 
MAC15A 
MAC20 
MAC20A 
MAC25 
MAC25A 
MAC35 
MAC36 
MAC37 
MAC38 
MAC50 
MAC50A 
MAC92 
MAC220 
MAC221 

MAC40688 Replaced 
by T6420B 
MAC40689 Replaced 
by T6420D 
MAC40690 Replaced 
by T6420M 


Device Type 

MBS4992 

MCR Devices (SCRs) 
MCR63 
MCR64 
MCR65 
MCR100 
MCR101 
MCR102 
MCR103 
MCR 104 
MCR106 
MCR 120 
MCR201 
MCR202 
MCR203 
MCR204 
MCR205 
MCR206 
MCR220 
MCR221 
MCR649AP 


Device Type 

MOC3010 
MOC301 1 

MPU Devices 
(Programmable UJT) 
MPU131 
MPU132 
MPU133 
MPU6027 
MPU6028 

MU Devices (UJT) 
MU10 
MU20 
MU2646 
MU2647 
MU4891 
MU4892 
MU4893 
MU4894 

1 N Devices (Triggers) 

1N5758 to 5762 

2N Devices 


Device Type 


A 


2N4183 

2N4199 

2N4212 

2N4441 

2N4851 


to 4190 
to 4204 
to 4219 
to 4444 
to 4853 


2N4870 

2N4871 

2N4948 to 4949 
2N5060 to 5064 
2N5164 to 5171 
2N5431 

2N5441 to 5446 
2N5567 to 5570 
2N5571 to 5574 
2N6027 
2N6028 ( 

2N6068 to 6075 
2N6114 

2N6116 to 6118 
2N6145 to 6147 
2N6151 
2N6152 


MAC40795 Replaced 

MCR729 

2N681 to 692 

2N6153 

by T4101M 

MCR914 

2N1595 to 1599 

2N6154 

MAC40796 Replaced 

MCR1906 

2N1842 to 1850 

2N6155 

by T4111M 

MCR1718 

2N2322 to 2329 

2N6156 

MAC40799 Replaced 

MCR2305 Replaced 

2N2573 to 2579 

2N6157 to 6165 

by T4121B 

by 2N41 67/74 

2N2646 

2N6167 to 6170 

MAC40800 Replaced 

MCR2604L Replaced 

2N2647 

2N6171 to 6173 

by T4121D 

by 2N4 183/90 

2N3668 to 3670 

2N6174 

MAC40801 Replaced 

MCR3000 

2N3870 to 3873 

2N6236 to 6241 

by T4121M 

MCR3818 

2N3896 to 3899 

2N6342 to 6349 

MBS Devices 

MCR3835 

2N3980 

2N6394 to 6399 

(Bilateral Switch) 

MCR3918 

2N4103 

2N6400 to 6405 

l MBS4991 

MCR3935 

2N4167 to 4174 

2N6504 to 6509 


The popular device types listed below, originally introduced by other manufacturers, are now produced 
in volume by Motorola. 


Device Type 

Device Type 

Device Type 

Device Type 

“C” Devices (SCRs) 

“S” Devices (SCRs) 

SC250 

T2802 

C35 

S2800 

SC250( )3 

T4100 

Cl 06 

S6200 

SC251 

T4101 

Cl 22 

S6210 

SC260 

T4110 

C228 

S6220 

SC260( )3 

T4111 

C228( )3 

“SC” Devices 

SC261 

T4120 

C229 

(Triacs) 

“T” Devices (Triacs) 

T4121 

C230 

SCI 36 

T2300P 

T6400 

C230( )3 

SC141 

T2301P 

T6401 

C231 

SC146 

T2302P 

T6410 

C231()3 

SC245 

T2500 

T6411 

C232 

SC245( )3 

T2800 

T6420 

C233 

SC246 

T2801 

T6421 
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m scrs 


. . . Metal or Plastic Packages 

... 0.5 to 55 Amperes RMS 
... 25 to 800 Volts 
. . . Industry Standards, with a variety of Custom 
Specifications and Leadforms available. 


> 

r ON-STATE (RMS) CURRENT ^ 

0.5 AMP 

0.8 AMP 

1.6 AMPS 

4.0 AMPS 

/ 

/ 

1 » * 

/ 

TO-13 
. Style s 

Case 2S-D2 
TO*92 

Style JO 

. Case 79-02 : 

. TO-3S 

•: V : . ; - : styte 3 .. • 

■ Caee 77-03 

TQ*f2$ 

' style 2 

r 

Vdrm 

25 V 

MCR202 

MCR102 

2N5060 


2N2322 

2N4212 

MCR1906-1 

MCR106-1 

2N6236 

C106Y1 

50V 

MCR203 

MCR103 

2N5061 

2N1595 

2N2323 

2N4213 

MCR1 906-2 

MCR106-2 

2N6237 

C106F1 

m V 

MCR204 

MCR104 

2N5062 

2N1596 

2N2324 

2N4214 

MCR1 906-3 

MCR106-3 

2N6238 

C106A1 

200 V 

MCR206 

MCR120 

2N5064 

2N1597 

2N2326 

2N4216 

MCR1 906-4 

MCR106-4 

2N6239 

C106B1 

300 V 


MCR100-5 

2N1598 

2N2328 

2N4218 

MCR1 906-5 

MCR106-5 

C106C1 

400 V 


MCR100-6 

2N1599 

2N2329 

2N4219 

MCR1 906-6 

MCR106-6 

2N6240 

C106D1 

500 V 


MCR100-7 




MCR1 906-7 

MCR106-7 

C106E1 

600 V 


MCR100-8 




MCR1 906-8 

MCR106-8 

2N6241 

C106M1 

700 V 







MCR106-9 


800 V 









n 

u 

m 

A 

So 

/§ 

£u 

■ M 

JW (Amps) 

6.0 

to v! 

15 

15 

15. ; 

15 ' ... 

m 


l$T 

' 0.2 

, 0.2 ... ' 

: . to.. 

. <*•*. ■ • 

0J 

; .1.0 

m 



0.8 : 

0.8 ' 

; 3.0 


0.8 

. ; . 1.0 ■ 

Hi 




5.0 

5.0 Typ 

-■ 2.0 

3.0 

: • : 5,0 


m 
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ON-STATE (RMS) CURRENT 




MAXIMUM 












mE 


SCRs (continued) 


/ ON-STA 


20 AMPS 





i§ 



S|^| 






isolated 




WL 

Case 3io 

Style i 

Cass 263 
Stytet 

Casa 311-01 
Style 1 

If 

*»$ 

r 






MCR649P1 ' 







MCR649P2 



too V 




MCR649P3 



200V 




MCR649P4 

Vom 

300 V 




MCR649P5 


| 




MCR649 P6 



| 




MCR649P7 



E3S 




MCR649P8 



O 




MCR649 P9 



800 V 




MCR649P10 

B 

»tsm (Amps) 

240 

260 

li 

I 

1 

@ ^40°C 

75 

80 

1 

1 

@ ~40*C 

2.5 

3.5 

l! 

| 

@ -4D°C 

; oo 

20 Typ 
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MCR3818-1 


MCR3918-1 


2N2573 






MCR3818-2 

MCR3918-2 

2N6504 

2N2574 

MCR3818-3 

MCR3918-3 

2N6505 

2N2575 

MCR3818-4 

MCR3918-4 

2N6506 

2N2576 

MCR3818-5 

MCR3918-5 


2N2577 

MCR3818-6 

MCR3918-6 

2N6507 

2N2578 

MCR3818-7 

MCR3918-7 


2N2579 

MCR3818-8 ‘ 

MCR3918-8 

2N6508 

MCR649A8 

MCR3818-9 

MCR3918-9 


MCR649A9 

MCR381 8-1 0 

MCR3918-10 

2N6509 

MCR649A10 















RADAR MODULATORS 


ON-STATE (RMS) CURRENT 


"'N f ON-STATE PULSE CURRENT^ 


35 AMPS 


Case 174-03 
Style 1 


MCR3835-1 


MCR3835-2 


2N3871 


MCR3835-5 


MCR3835-7 


2N3873 

MCR3835-8 


MCR3835-9 


MCR3835-10 


If 


Case 175-02 
: Style 1 


MCR3935-1 


MCR3935-2 


2N3896 


2N3897 


MCR3935-5 


2N3898 


MCR3935-7 


2N3899 

MCR3935-8 


MCR3935-9 


MCR3935-10 


Isolated 


Case 311-01 
Style 1 


2N6172 


2N6173 


2N6174 


55 AMPS 


o 


Case 310-01 
Style 1 


MCR63-1 


MCR63-2 


MCR63-3 


MCR63-4 


MCR63-5 


MCR63-6 


MCR63-7 


MCR63-8 


MCR63-9 


MCR63-10 



MCR64-1 


MCR64-2 


MCR64-4 


MCR64-5 


MCR64-6 


MCR64-7 


MCR64-J 


MCR64-9 


MCR64-10 


Case 31 i-oi 
Style i 


MCR65-1 


MCR65-2 


MCR65-3 


MCR65-4 


MCR65-5 


MCR65-7 


MCR65-8 


MCR65-9 


MCR65-10 


100 AMPS 




case 63-03 
TO-64 
Style 1 


2N4199 
2N4199 JAN 


2N4200 
2N42G0 JAN 


2N4201 
2N4201 JAN 


2N4202 
2N4202 JAN 


2N4203 
2N4203 JAN 


2N4204 
2N4204 JAN 


MCR729-5 


MCR729-6 


MCR729-7 


MCR729-8 


MCR729-9 


MCR729-10 


1000 AMPS 


M 


Case 263-03 

Stylet 


k. 


MCR1718-5 


MCR1718-6 


MCR1718-7 


MCR1718-8 


2 $v 


50 V 


100 V 


300 V 


400 V 


500 V 


700 V 


800 V 



350 


350 


350 


550 


550 


550 


100 * 


100* 


1000 * 


40 


40 


40 


40 


40 


40 


50 


50 


50 


1.6 


1<6 


1.6 


3.0 


3.0 


3.0 


1.5 


1.5 


T>5 


50 


50 


50 


60 


60 


60 




> 105°C 
3.0 Min 


3.0 Min 


5.0 Min 


'Indicates pulse rating 


< (Amps) 


l«(mA) 




Ih (mA) 
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ELECTRICAL CHARACTERISTICS 





TRIACs 


. . . Metal or Plastic Packages 

... 0.8 to 40 Amperes 
... 25 to 800 Volts 
Industry Standards, with a variety of Custom 
Specifications and Leadforms available. 

MAY MOTOROLA SUPPLY YOUR TRIAC? 



A 


ON-STATE (RMS) CURRENT 


0.6 AMP 


CSSS 29-02 
T0-92 
Style 12 


2.5 AMPS 


3.0 AMPS 



Note Center Cate 
Pin dtft 


CS$e 77*03 
Style 7 . 



25 V 

MAC92-1 

MAC92A1 





2N6068 

2N6068A 

2N6068B 


50 V 

MAC92-2 

MAC92A2 

T2300PF 

T2301PF 

T2302PF 


2N6069 

2N6069A 

2N6069B 


100 V 

MAC92-3 

MAC92A3 

T2300PA 

T2301PA 

T2302PA 

SC136A 

2N6070 

2N6070A 

2N6070B 


200 V 

MAC92-4 

MAC92A4 

T2300PB 

T2301PB 

T2302PB 

SC136B 

2N6071 

2N6071A 

2N6071B 

M 

500 V 

MAC92-5 

MAC92A5 

T2300PC 

T2301PC 

T2302PC 

SC136C 

2N6072 

2N6072A 

2N6072B 


400 V 

MAC92-6 

MAC92A6 

T2300PD 

T2301PD 

T2302PD 

SC136D 

2N6073 

2N6073A 

2N6073B 


500 V 

MAC92-7 

MAC92A7 

T2300PE 

T2301PE 

T2302PE 

SC136E 

2N6074 

2N6074A 

2N6074B 


500 V 

MAC92-8 

MAC92A8 

T2300PM 

T2301PM 

T2302PM 

SC136M 

2N6075 

2N6075A 

2N6075B 


700 V 











800 V 










W (AfTips) 

8 

8 

25 

25 

25 

30 

30 

30 

30 

Iqt 

@25°C(MA) 










MT2(+M$t+) 

5.0 

.3.0 

3.0 

4,0 

10 

25 

30 

5,0 

3,0 

MT2(+)G(-) 

5.0 

3.0 

3.0 

4.0 

10 

25 

• — 

5.0 

3,0 


5,0 

3,0 

3.0 

4.0 

to 

'25 

30 

5.0 

3.0 

MT2(~)0(+) 

• — 


3.0 

4.0 

to 


: __ 

10 

5;o 

V ST @ 25°C (V) 







@ -40«C ! 

@ -40 <? C 

@ -40*0, 

MT2( 

2,0 

2,0 

2 .2 

2,2 f 

2.2 

2,0 

,■ 2.5 

2.5 

.2.5 . 


2.0 

2.0 ' 

2,2 

2.2 

2.2 

. 2.0 

— 

2.5 

2,5 = 

MTe(-)8(-i 

2,0 

2.0 

2.2 

2,2 

2;2 

2,0 

2.5 

' ' 2,5' 

'2,5 ' "• 

MT2(~)fi(^ 

- 


2,2 

2.2 

2,2 


— 

2.5 



4.0 AMPS 



Case 77-OS 
Style S 
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ON-STATE (RMS) CURRENT 


6.0 AMPS 

8.0 AMPS 

10 AMPS 

12 AMPS 

^ 

f 

/ 

/ 

P 

w . 

# 

/ 

Case 22J-G2 
TO220AS 

Style? 

i.Qto&izztm 

TQ-22QAB 

■ Slyfe 2 

Case 221*02 
TO220AB 
Style? 

Case 174*03 

Style 3 

Case 175*02 

Style 3 

Case 235-02 
Style 2 

Case 221*02 
TO-220AB 

Style? 












25 V 

Vdrm 



MAC220-2 

MAC221-2 









50 V 

T2500A 

SC141A 

MAC220-3 

MAC221-3 









100 V 

T2500B 

SC141B 

2N6342 

2N6346 

SC146B 

2N5567 

SC246B 

2N5569 

SC245B 

T4121B 

2N6342A 

2N6346A 

280 V 

T2500C 

SCI 41 C 

MAC220-5 

MAC221-5 

SC146C 


SC246C 


SC245C 

T4121C 



300 V 

T2500D 

SC141D 

2N6343 

2 N 6347 

SC146D 

2N5568 

SC246D 

2N5570 

SC245D 

T4121D 

2N6343A 

2N6347A 

400 V 

T2500E 

SC141E 

MAC220-7 

MAC221-7 

SC146E 


SC246E 


SC245E 

T4121E 



500 V 

T2500M 

SC141M 

2N6344 

2N6348 

SC146M 


SC246M . 


SC245M 

T4121M 

2N6344A 

2N6348A 

600 V 

T2500S 

SC141S 

MAC220-9 

MAC221-9 

SC146S 


SC246S 


SC245S 

T4121S 



700 V 

T2500N 

SCI 41 N 

2N6345 

2N6349 

SC146N 


SC246N 


SC245N 

141 21 N 

2N6345A 

2N6349A 

800 V 

60 

80 

100 

120 

100 

100 

100 

100 

100 

120 

120 

hm { Amps) 

s 

I 

SI 

r-3S 

§1 

irn 

33 

: eg 
§ 

J 

as I 

60 j 
25 

60 

56 

50 

: m 

50 

75# • 
50 

75# 

50 

50. 

.50 

25 

40 

25 

40 

; 50 
: 50 

.: so 

25 

40 

25 

40 

50 

50 

• 50 ; 

25 . 

40 

25 

40 

50 

50 

50 

75 

50 

75 

^@25"C1WA) 

mn+m+i 

MT2{+)6(~} 
MT2|— )8(~) 

2.5 

2.5 
2,5 

y 2.5 ; 

■ 2.5 

•15" 

• 2.5 

= 2.0 1 
2.5# I 
2.5 
:2.5# 

2;5 

2.5 • 

2.5 

15 

2.5 

2.5 

2.5 

2.5 

2*5 

2.5 

2.5 

2.5 . 
2.5' 

2.5 i 

2*5 

2*5 

15 

15 

•2*5 

2.5 

2.5 

10 j 

2.0 ; 

2.0 

2.5 

2.0 

2.5 

V st @25^{V} 

mn-wH 

MT2H0(4*) 


# Denotes 2N 6346-49 and MAC221 Series only. 
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TRIACs (continued) 


/” ON-STATE (RMS) CURRENT N 





15 AMPS 

25 AMPS 




4 

4 
M ; 


> 

4 


4 

» 



j 

C*$e 174-03 

Style 3 

Case 17S-02 
. Style 3 

Case 311-01 
. Styles 

: Case 231-03 • 

TO>229ftS 

Styles 

Styt*2 

Case 32S-01 | 

Style 2 | 

r~ 


25 V 















50 V 










) 





too V 















200 V 

2N5571 

SC251B 

2N5573 

SC250B 

2N6145 

T4120B 

MAC15-4 

MAC15A4 

MAC20-4 

MAC20A4 

MAC25- 4 

MAC25A4 

Worn 

300 V 


SC251C 


SC250C 


T4120C 

MAC15-5 

MAC15A5 

MAC20-5 

MAC20A5 

MAC25-5 

MAC25A5 



400 V 

2N5572 

SC251D 

2N5574 

SC250D 

2N6146 

T4120D 

MAC15-6 

MAC15A6 

MAC20-6 

MAC20A6 

MAC25-6 

MAC25A6 



S00V 


SC251E 


SC250E 


T4120E 

MAC15-7 

MAC15A7 

MAC20-7 

MAC20A7 

MAC25-7 

MAC25A7 



BOO V 


SC251M 


SC250M 

2N6147 

T4120M 

MAC15-8 

MAC15A8 

MAC20-8 

MAC20A8 

MAC25-8 

MAC25A8 



TOO V 


SC251S 


SC250S 


T4120S 

MAC15-9 

MAC15A9 

MAC20-9 

MAC20A9 

MAC25-9 

MAC25A9 



800 V 


SC251N 


SC250N 


T4120N 

MAC15-10 

MAC15A10 

MAC20-10 

MAC20A10 

MAC25-10 

MAC25A10 


^tsm (Amps) 

too. 

too 

100 

. 100 

100 

toe 

150 , 

150 

150 

150 

250 

250 

J 

ii 

watpi 

MT2|+)G(+) 

. : 50 

50 

50 

50 

50 v- 

50 - 

50 

50 

. m / 

: 50 

: 70 : 

?o 

HT2<+)B<-) 

BO 

50 . 

80 . 

50 

80 

30 

. ■ 

75 ; 

50 

50 

70 

70 

mzHzn 

50 • 

50 

50 

50 

50 

50 

■ 50 

50 

50 . 

50 

70 

70 

ig 

MT2(-)G(+) 

• bo : 

— 

80 . 

— 

- 80 

80 

’ — 

>5 ; 


n 

. __ - 

100 

i 

%?@WC {V 
'#**(+)$(+ J 

2.5 

2.5 ■' 

2.5 

2,5 . 

... 2.5 ■ 

2,5 ^ 

2.0 

2.0 . 

2.0 . 

2.0 

2.0 

2.0 

MT2<^)G<-) 

2,5 

2,5 

2,5 

2.5 

2.5 

2.5 

' f-‘ 

2,5 

. 2.0 

2.0 

2.0 

2.0 

-■m 

MT2(-(B(-) 

2.5 

• .2.5 

' 2.5 

2.5 ’ 

: 2,5. 

2,5 

2.0 

2.0 . 

2,0 

2.0 

• 2.0 :. 

2,0 

vL 


2.5 

‘ ' ‘rf '■ ■ 

2.5 


■ '.2.5.'- • 

2.5 


2>5 : 

— . 

: 2.5 

— = : 

2.5 J 
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TRIGGER 

DEVICES 


. . . Wide Range of Sensitivities 

Input Characteristics for Most Applications 
. . . Industry Standards, with a variety of 
Custom Specifications available. 



UNIJUNCTION 
TRANSISTORS — UJT 

Highly stable devices for 
general-purpose trigger 
applications and as pulse 
generators (oscillators) and 
timing circuits. Useful at 
frequencies ranging (generally) 
from 1 Hz to 1 MHz. Available in 
low-cost plastic package (TO-92) 
and in hermetically sealed metal 
package (Case 22A). 


UNIJUNCTION TRANSISTORS — (UJT) 




V 


Ip 

IEB20 

Iv 

Package 

Device Type 

Min 

Max 

/liA Max 

n A Max 

mA Min 


MU10 

0.50 

0.85 

5.0 

1.0 

1.0 

Plastic 

2N4870 

0.56 

0.75 

5.0 

1.0 

2.0 

Case 29-02 A 

2N4871 

0.70 

0.85 

5.0 

1.0 

4.0 

(to-92) m 

MU2646 

0.56 

0.75 

5.0 

12 

4.0 

J/y 

MU4891 

0.55 

0.82 

5.0 

0.01 

2.0 

Mr 

MU4892 

0.51 

0.69 

2.0 

0.01 

2.0 


MU4893 

0.55 

0.82 

2.0 

0.01 

2.0 


MU4894 

0.74 

0.86 

1.0 

0.01 

2.0 

Metal 

MU20 

0.50 

0.85 

5.0 

1.0 

1.0 

Case 22A-01 

2N2646 

0.56 

0.75 

5.0 

12 

4.0 


2N2647 

0.68 

0.82 

2.0 

0.2 

8.0 


2N3980 

0.68 

0.82 

2.0 

0.01 

1.0 


2N4851 

0.56 

0.75 

2.0 

0.1 

2.0 

Jr 

2N4852 

0.70 

0.85 

2.0 

0.1 

4.0 

/7 

2N4853 

0.70 

0.85 

0.4 

0.05 

6.0 


2N4948* 

0.55 

0.82 

2.0 

0.01 

2.0 


2N4949* 

0.74 

0.86 

1.0 

0.01 

2.0 


2N5431* 

0.72 

0.80 

0.4 

0.01 

2.0 


* Also available as JAN and JANTX devices. 


PUT 



PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 
— PUT 

Similar to UJTs, except that Iv, Ip 
and intrinsic standoff voltage are 
programmable (adjustable) by 
means of external voltage divider. 

This stabilizes circuit 
performance for variations in 
device parameters. General 
operating frequency range is 
from 0.01 Hz to 10 kHz, making 
them suitable for long-duration 
timer circuits. Two-package 
availability provides cost option. 


PROGRAMMABLE UNIJUNCTION TRANSISTORS — (PUT) 


P Iv 


Package 

Device Type 

Rg = Rg = 

10 k0 1.0 MO 
/x A Max 

Igao 
@40V 
nA Max 

Rg = Rg = 

10 kfl 1.0 MCI 
fjL A Min fj . A Max 

Plastic 

2N6027 

5.0 

2.0 

10 

70 

50 

Case 29-02 

2N6028 

1.0 

0.15 

10 

25 

25 

TO-92 A 

MPU6027 

5.0 

2.0 

10 

70 

50 

Jr 

MPU6028 

1.0 

0.15 

10 

25 

25 

w 

MPU131 

5.0 

2.0 

5.0 

70 

50 


MPU132 

2.0 

0.3 

5.0 

50 

50 


MPU133 

1.0 

0.15 

5.0 

50 

25 

Metal 

, 2N6116* 

5.0 

2.0 

5.0 

70 

50 

Case 22-03 

2N6117* 

2.0 

0.3 

5.0 

50 

50 

to-18 Jy 

2N6118* 

1.0 

0.15 

5.0 

50 

25 


*Also available as JAN and JANTX devices. 
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BILATERAL TRIGGERS — (DIACs) 




Vs 

Is 

Package 

Device Type 

Volts 

/liA Max 


1N5758/MPT20 

20 ± 4.0 

100 


1N5759/MPT24 

24 ± 4.0 

100 


1N5760/MPT28 

28 ± 4.0 

100 


1N5761/MPT32 

32 ± 4.0 

100 

Plastic Mr 

1N5762 

36 ± 4.0 ' 

100 

Case 181-02 // 

1 N5758A 

20 ± 2.0 

25 

TO-92 */ 

1N5759A 

24 ± 2.0 

25 


1N5760A 

28 ± 2.0 

25 


1N5761A 

32 ± 2.0 

25 


1N5762A 

36 ± 2.0 

25 



DIACs 


BILATERAL TRIGGERS — 
DIACs 

Specifically designed as low-cost 
bidirectional triggers in 
line-operated Triac control 
circuits such as light dimmers, 
motor controls, and temperature 
controls. 


SILICON BIDIRECTIONAL SWITCH — (SBS) 


Vs 




Volts 

Is 

Ih 

Package 

Device Type 

Min 

Max 

/x A Max 

mA Max 

Plastic 

MBS4991 

6.0 

10 

500 

1.5 

Case 29-02 Mr 
TO-92 Jr 

MBS4992 

7.5 

9.0 

120 

0.5 



SBS 

SILICON BIDIRECTIONAL 
SWITCH — SBS 

Applications similar to DIAC, but 
has gate electrode that permits 
synchronization. 



OPTICALLY COUPLED TRIAC DRIVER 


Package 

Device Type 

Isolation 

Voltage 

Volts 

(Min) 

Typ LED 
Trigger 
Current 

Ift 

(mA) 

Peak 

Blocking 

Voltage 

(Volts) 

8-Pin 

Plastic Dip 

MOC3010* 

7500 

8 

250 

MOC3011* 

7500 

5 

250 


* Underwriters' Laboratories Recognition. File No. E54915. 



1 OPTICALLY 
COUPLED 
TRIAC 
DRIVER 


OPTICALLY COUPLED 
TRIAC DRIVER 

An infrared LED and a 
bidirectional photodetector in one 
7500V isolated plastic DIP allows 
safe, economical triggering of 
Triacs and SCRs from logic 
sources as low as 3 Volts, 10 mA. 
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THYRISTOR 
CROSS REFERENCE 


Devices are generally not shown in the following list if the Motorola number is identical. Refer to 
Chapter 1, the Alphanumeric Index, for the location of specifications. 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

2N876 


MCR202 

2N1878 


MCR1906-3 

2N3002 


MCR203 

2N877 


MCR202 

2N1878A 


MCR1906-3 

2N3003 


MCR204 

2N878 


MCR203 

2N1879 


MCR1906-4 

2N3004 


MCR206 

2N879 


MCR204 

2N1879A 


MCR1906-4 

2N3005 


MCR202 

2N880 


MCR205 

2N1880 


MCR1906-4 

2N3006 


MCR203 

2N881 


MCR206 

2N1880A 


MCR1906-4 

2N3007 


MCR204 

2N884 


MCR202 

2N1881 


MCR 1906-1 

2N3008 


MCR206 

2N885 


MCR202 

2N1882 


MCR1906-2 

2N3027 


MCR202 

2N886 


MCR203 

2N1883 


MCR1906-3 

2N3028 


MCR203 

2N887 


MCR204 

2N1884 


MCR1906-4 

2N3029 


MCR204 

2N888 


MCR205 

2N1885 


MCR1906-4 

2N3030 


MCR202 

2N889 


MCR206 

2N2009 


2N4212 

2N3031 


MCR203 

2N948 


MCR202 

2N2010 


2N4213 

2N3032 


MCR204 

2N949 


MCR203 

2N2011 


2N4214 

2N3228 


2N4170 

2N950 


MCR204 

2N2012 


2N4216 

2N3254 


MCR202 

2N951 


MCR206 

2N2160 


2N4853 

2N3255 


MCR202 

2N1600 


2N4168 

2N2344 


MCR1906-1 

2N3256 


MCR203 

2N1601 


2N4169 

2N2345 


MCR 1906-2 

2N3257 


-MCR202 

2N1602 


2N4170 

2N2346 


MCR1906-3 

2N3258 


MCR202 

2N1603 


2N4171 

2N2347 


MCR 1906-4 

2N3259 


MCR203 

2N1604 


2N4172 

2N2348 


MCR1906-4 

2N3269 


2N4169 

2N1671 


2N4851 

2N2417 


2N4852 

2N3270 


2N4170 

2N1671A 


2N4851 

2N2417A 


2N4852 

2N3271 


2N4171 

2N1671B 


2N4851 

2N2418 


2N4852 

2N3272 


2N4172 

2N1671C 


2N4851 

2N2418A 


2N4852 

2N3480 


2N2646 

2N1770 


2N4167 

2N2419 


2N4846 

2N3481 


2N4852 

2N1771 


2N4168 

2N2419A 


2N4846 

2N3483 


2N2646 

2N1772 


2N4169 

2N2419B 


2N4846 

2N3484 


2N4852 

2N1773 


2N4170 

2N2420 


2N4846 

2N3525 


2N4171 

2N1774 


2N4170 

2N2420A 


2N4846 

2N3528 


2N4186 

2N1775 


2N4171 

2N2420B 


2N4846 

2N3529 


2N4188 

2N1776 


2N4171 

2N2421 


2N4846 

2N3555 


2N4212 

2N1776B 


2N4171 

2N2421A 


2N4846 

2N3556 


2N4213 

2N1777 


2N4172 

2N2421B 


2N4846 

2N3557 


2N4214 

2N1778 


2N4173 

2N2422 


2N4846 

2N3558 


2N4216 

2N1869 


2N4212 

2N2422A 


2N4846 

2N3559 


2N4212 

2N1869A 


MCR1906-1 

2N2422B 


2N4846 

2N3560 


2N4213 

2N1870 


2N4212 

2N2619 


2N4174 

2N3561 


2N4214 

2N1870A 


MCR1906-1 

2N2653 


2N4172 

2N3562 


2N4216 

2N1871 


2N4213 

2N2679 


MCR202 

2N3568 


MCR649P-3 

2N1871A 


MCR1906-2 

2N2680 


MCR203 

2N3569 


MCR649P-4 

2N1872 


2N4214 

2N2681 


MCR204 

2N3570 


MCR649P-6 

2N1872A 


MCR1906-3 

2N2682 


MCR206 

2N3936 


2N4169 

2N1873 


2N4215 

2N2683 


MCR202 

2N3937 


2N4170 

2N1873A 


MCR1906-4 

2N2684 


MCR203 

2N3938 


2N4171 

2N1874 


2N4216 

2N2685 


MCR204 

2N3939 ' 


2N4172 

2N1874A 


MCR1906-4 

2N2686 


MCR206 

2N3940 


2N4173 

2N1875 


MCR1906-1 

2N2687 


MCR202 

2N4096 


MCR203 

2N1875A 


MCR1906-1 

2N2688 


MCR203 

2N4097 


MCR204 

2N1876 


MCR1906-1 

2N2689 


MCR204 

2N4098 


MCR206 

2N1876A 


MCR 1906-1 

2N2690 


MCR206 

2N4101 


2N4174 

2N1877 


MCR1906-2 

2N2840 


2N5431 

2N4102 


2N4190 

2N1877A 


MCR1906-2 

2N3001 


MCR202 

2N4108 


MCR203 
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THYRISTOR CROSS REFERENCE (continued) 


PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

2N4109 


MCR204 

C11C 


2N4171 

C38B 


2N3897 

2N4110 


MCR206 

Cl ID 


2N4172 

C38C 


MCR3935-5 

2N4144 


MCR201 

cue 


2N4173 

C38D 


2N3898 

2N4145 


MCR201 

Cl IF 


2N4168 

C38E 


MCR3935-7 

2N4146 


MCR202 

C11G 


2N4170 

C38F 


MCR3935-2 

2N4147 


MCR203 

C11H 


2N4171 

C38G 


2N3897 

2N4148 


MCR204 

C11M 


2N4174 

C38H 


MCR3935-5 

2N4149 


MCR206 

C11U 


2N4167 

C38U 


MCR3935-1 

2N4316 


MCR3918-3 

C15A 


2N4169 

Cl 03 A 


2N5062 

2N4317 


2N5169 

C15B 


2N4170 

C103B 


2N5064 

2N4318 


MCR3918-5 

C15C 


2N4171 

C103Y 


2N5060 

2N4319 


2N5170 

C15D 


2N4172 

C103YY 


2N5061 

2N4332 


MCR202 

C15F 


2N4168 

C106 SERIES 

NOTE 1 


2N4333 


MCR203 

C15G 


2N4170 

C107A 

Cl 06 A 

2N6238 

2N4334 


MCR204 

C15H 


2N4171 

C107B 

C106B 

2N6239 

2N4335 


MCR205 

C15M 


2N4174 

C107C 

C106C 

2N6240 

2N4336 


MCR206 

C20A 


2N4169 

C107D 

C106D 

2N6240 

2N4891 


MU4891 

C20B 


2N4170 

C107E 

C106E 

2N6241 

2N4892 


MU4892 

C20C 


2N4171 

C107F 

C106F 

2N6237 

2N4893 


MU4893 

C20D 


2N4172 

C107M 

C106M 

2N6241 

2N4894 


MU4894 

C20F 


2N4168 

C107Q 

C106Q 

2N6236 

2N4897 


2N4851 

C20U 


2N4167 

C107Y 

C106Y, 

2N6236 

2N4898 


2N4852 

C30A 


2N683 

C122A 

C122A1 


2N4899 


2N4853 

C30B 


2N685 

C122A SERIES 

NOTE 1 


2N4991 


MBS4991 

C30C 


2N687 

C122B 

C122B1 


2N4992 


MBS4992 

C30D 


2N688 

C122B SERIES 

NOTE 1 


2N5204 


2N3899 

C30F 


2N682 

C122C 

C122C1 


2N5273 


2N6160 

C30U 


2N681 

C122C SERIES 

NOTE 1 


2N5274 


2N6161 

C31A 


2N683 

C122D 

C122D1 


2N5719 


MCR203 

C31B . 


2N685 

C122D SERIES 

NOTE 1 


2N572b 


MCR204 

C31C 


2N687 

C122E 

C122E1 


2N572^ 


MCR206 

C31D 


2N688 

C122E SERIES 

NOTE 1 


2N5724 


MCR203 

C31F 


2N682 

C122F 

C122F1 


2N5725 


MCR204 

C31U 


2N681 

C122F SERIES 

NOTE 1 


2N5726 


MCR206 

C32A 


2N683 

Cl 35 A 


2N3896 

2N5754 


2N6070 

C32B 


2N685 

C135B 


2N3897 

2N5755 


2N6071 

C32C 


2N687 

C135C 


MCR3935-5 

2N5756 


2N6073 

C32D 


2N688 

C135D 


2N3898 

2N5757 


2N6075 

C32F 


2N682 

C135E 


MCR3935-7 

2N5787 


2N5060 

C32U 


2N681 

C135F 


MCR3935-2 

2N5788 


2N5061 

C33A 


MCR3818-3 

C135M 


2N3899 

2N5789 


2N5062 

C33B 


2N5165 

C137E 


MCR3935-7 

2N5790 


2N5064 

C33C 


MCR3818-5 

C137M 


2N3899 

2N5806 


2N6160 

C33D 


2N5166 

C228A SERIES 

NOTE 1 


2N5807 


2N6161 

C33F 


2N5164 

C229A SERIES 

NOTE 1 


2N5808 


2N6162 

C33U 


MCR3818-1 

D5K1 

2N6114 


2N5809 


2N6162 

C35 SERIES 

NOTE 1 


D5K2 

2N6115 


2N6119 


2N6116 

C36A 

2N1844 


D13T1 

MPU6027 


2N6120 


2N6118 

C36B 

2N1846 


D13T2 

MPU6028 


2N6137 


2N6116 

C36C 

2N1848 


D13Q500 


MBS4991 

2N6138 


2N6116 

C36D 

2N1849 


D30 


1N5762 

C5A 

2N2324 


C36E 

2N1850 


EC 103 A 

MCR104 


C5B 

2N2326 


C36F 


2N1843 

EC103B 

MCR120 


C5F 

2N2323 


C36G 

2N1845 


EC103Y 

MCR102 


C5G 

2N2325 


C36H 

2N1847 


MAC 10-4 

2N6151 


C5U 

2N2322 


C36U 


2N1842 

MAC 10-6 

2N6152 


C6A 


MCR1906-3 

C37A 


MCR3918-3 

MAC 10-8 

2N6153 


C6B 


MCR1906-4 

C37B 


2N5169 

MAC 11-4 

2N6154 


C6F 


MCR1906-2 

C37C 


MCR3918-5 

MAC 11-6 

2N6155 


C6G 


MCR1906-4 

C37D 


2N5170 

MAC 11-8 

2N6156 


C6U 


MCR1906-1 

C37E 


MCR3918-7 

MAC35-1 

2N6157 


C7A 


MCR1906-3 

C37F 


2N5168 

MAC35-2 

2N6157 


C7B 


MCR 1906-4 

C37G 


2N5169 

MAC35-3 

2N6157 


C7G 


MCR 1906-4 

C37H 


MCR3918-5 

MAC35-4 

2N6157 


C7U 


MCR1906-1 

C37M 


2N5171 

MAC35-5 

2N6158 


Cl 1 A 


' 2N4169 

C37U 


MCR3918-1 

MAC35-6 

2N6158 


Cl IB 


2N4170 

C38A 


2N3896 

MAC35-7 

2N6159 



DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL, NOTE 1 MOTOROLA DEVICE NUMBERS IDENTICAL 

REFER TO CHAPTER 1 , 
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THYRISTOR CROSS REFERENCE (continued) 


PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MAC35-8 

2N6159 


MCR808-9 


MCR3818-9 

MCR2818-5 

MCR3818-5 


MAC36-1 

2N6160 


MCR808-10 


2N2647-10 

MCR2818-6 


2N5166 

MAC36-2 

2N6160 


MCR808R2 


2N5164 

MCR2818-7 

MCR3818-7 


MAC36-3 

2N6160 


MCR808R4 


2N5165 

MCR2818-8 


2N5167 

MAC36-4 

2N6160 


MCR808R6 


2N5166 

MCR2818R2 


2N5164 

MAC36-5 

2N6161 


MCR808R8 


2N5167 

MCR2818R4 


2N5165 

MAC36-6 

2N6161 


MCR1305R2 


2N5168 

MCR2818R6 


2N5166 

MAC36-7 

2N6162 


MCR1305R4 


2N5169 

MCR2818R8 


2N5167 

MAC36-8 

2N6162 


MCR1305R6 


2N5170 

MCR2835-1 

MCR3835-1 


MAC37-1 


2N6157 

MCR1305R8 


2N5171 

MCR2835-2 

MCR3835-2 


MAC37-2 


2N6157 

MCR1308-1 

MCR3918-1 


MCR2835-3 


2N3870 

MAC37-3 


2N6157 

MCR1308-2 


2N5168 

MCR2835-4 


2N3871 

MAC37-4 


2N6157 

MCR 1308-3 

MCR3918-3 


MCR2835-5 

MCR3835-5 


MAC37-5 


2N6158 

MCR1308-4 


2N5169 

MCR2835-6 


2N3872 

MAC37-6 


2N6158 

MCR1308-5 

MCR3918-5 


MCR2835-7 

MCR3835-7 


MAC37-7 


2N6159 

MCR1308-6 


2N5170 

MCR2835-8 


2N3873 

MAC37-8 


2N6159 

MCR1308-7 

MCR3918-7 


MCR2918-1 

MCR3918-1 


MAC38-1 


2N6160 

MCR 1308-8 


2N5170 

MCR2918-2 


2N5168 

MAC38-2 


2N6160 

MCR1308-9 

MCR3918-9 


MCR2918-3 

MCR3918-3 


MAC38-3 


2N6160 

MCR1308R2 


2N5168 

MCR2918-4 


2N5169 

MAC38-4 


2N6160 

MCR1308R4 


2N5169 

MCR2918-5 

MCR3918-5 


MAC38-5 


2N6161 

MCR1308R6 


2N5170 

MCR2918-6 


2N5170 

MAC38-6 


2N6161 

MCR1308R8 


2N5171 

MCR2918-7 

MCR3918-7 


MAC38-7 


2N6162 

MCR1604-1 


2N4183 

MCR2918-8 


2N5171 

MAC38-8 


2N6162 

MCR1604-2 


2N4184 

MCR2918R2 , 


2N5168 

MAC77-1 , 

2N6068 


MCR1604-3 


2N4185 

-4R2918R4 


2N5169 

MAC77-2 

2N6069 


MCR1604-4 


2N4186 

MCR2918R6 


2N5170 

MAC77-3 

2N6070 


MCR1604-5 


2N4187 

MCR2918R8 


2N5171 

MAC77-4 

2N6071 


MCR1604-6 


2N4188 

MCR2935-1 

MCR3935-1 


MAC77-5 

2N6072 


MCR1604-7 


2N4189 

MCR2935-2 

MCR3935-2 


MAC77-6 

2N6073 


MCR1604-8 


2N4190 

MCR2935-3 

2N3896 


MAC77-7 

2N6074 


MCR2305-1 


2N4167 

MCR2935-4 

2N3897 


MAC77-8 

2N6075 


MCR2305-2 


2N4168 

MCR2935-5 

MCR3935-5 


MAC5571 

2N5571 


MCR2305-3 


2N4169 

MCR2935-6 

2N3898 


MAC5572 

2N5572 


MCR2305-4 


2N4170 

MCR2935-7 

MCR3935-7 


MAC5573 

2N5573 


MCR2305-5 


2N4171 

MCR2935-8 

2N3899 


MAC5574 

2N5574 


MCR2305-6 


2N4172 

MCR3000-1C 

MCR3000-1 


MAC40802 


2N6145 

MCR2305-7 


2N4173 

MCR3000-2 

2N4441 


MAC40803 


2N6146 

MCR2305-8 


2N4174 

MCR3000-3C 

MCR3000-3 


MAC40804 

2N6147 


MCR2315-1 

2N4167 


MCR3000-4 

2N4442 


MCR106-1 

2N6236 


MCR2315-2 

2N4168 


MCR3000-5C 

MCR3000-5 


MCR106-2 

2N6237 


MCR2315-3 

2N4169 


MCR3000-6 

2N4443 


MCR106-3 

2N6238 


MCR2315-4 

2N4170 


MCR3000-7C 

MCR3000-7 


MCR106-4 

2N6239 


MCR2315-5 

2N4171 


MCR3000-8 

2N4444 


MCR106-5 

2N6240 


MCR2315-6 

2N4172 


MCR3000-9C 

MCR3000-9 


MCR106-6 

2N6240 


MCR2315-7 

2N4173 


MCR3000-10C 

MCR3000-10 


MCR106-7 

2N6241 


MCR2315-8 

2N4174 


MCR3818.R-2 


2N5164 

MCR106-8 

2N6241 


MCR2604-1 


2N4183 

MCR3818.R-4 


2N5165 

MCR306-1 

2N6236 


MCR2604-2 


2N4184 

MCR3818.R-6 


2N5166 

MCR306-2 

2N6237 


MCR2604-3 


2N4185 

MCR3818,R-8 


2N5167 

MCR306-3 

2N6238 


MCR2604-5 


2N4187 

MCR3835-3 

2N3870 


MCR306-4 

2N6239 


MCR2604-6 


2N4188 

MCR3835-4 

2N3871 


MCR306-5 

2N6240 


MCR2604-7 


2N4189 

MCR3835-6 

2N3872 


MCR306-6 

2N6240 


MCR2604-8 


2N4186 

MCR3835-8 

2N3873 


MCR600-1 


MCR102 

MCR2604-8 


2N4190 

MCR3918.R-2 


2N5168 

MCR600-2 


MCR103 

MCR2604L1 

2N4183 


MCR3918.R-4 


2N5169 

MCR600-3 


MCR104 

MCR2604L2 

2N4184 


MCR3918.R-6 


2N5170 

MCR600-3.5 


MCR115 

MCR2604L3 

2N4185 


MCR3918.R-8 


2N5171 

MCR600-4 


MCR120 

MCR2604L4- 

2N4186 


MCR3935-3 

2N3896 


MCR808-1 


MCR3818-1 

MCR2604L5 

2N4187 


MCR3935-4 

2N3897 


MCR808-2 


2N5164 

MCR2604L6 

2N4188 


MCR3935-6 

2N3898 


MCR808-3 


MCR3818-3 

MCR2604L7 

2N4189 


MCR3935-8 

2N3899 


MCR808-4 


2N5165 

MCR2604L8 

2N4190 


MCR4018-3 


2N6167 

MCR808-5 


MCR3818-5 

MCR2818-1 

MCR3818-1 


MCR4018-4 


2N6168 

MCR808-6 


2N5166 

MCR2818-2 


2N5164 

MCR4018-5 


2N6169 

MCR808-7 


MCR3818-7 

MCR2818-3 

MCR3818-3 


MCR4018-6 


2N6169 

MCR808-8 


2N5167 

l MCR2818-4 


2N5165 

MCR4018-7 


2N6170 


DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL, 
REFER TO CHAPTER 1 
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THYRISTOR CROSS REFERENCE (continued) 


PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MCR4018-8 


2N6170 

S4008L 


MCR3000-6 

T2301C 


T2301PC5 

MCR4035-3 


2N6171 

S4025C 


MCR649-6 

T2301D 


T2301PD5 

MCR4035-4 


2N6172 

S4025G 


2N3872 

T2301E 


T2301PE5 

MCR4035-5 


2N6173 

S4025H 


2N3898 

T2301F 


T2301PF5 

MCR4035-6 


2N6173 

S4035G 

2N3872 


T2301M 


T2301PM5 

MCR4035-7 


2N6174 

S4035H 

2N3898 


T2302A 


T2302PA5 

MCR4035-8 


• 2N6174 

S5006B 


MCR729-7 

T2302B 


T2302PB5 

MPT20 


1N5758 

S5008L 


MCR3000-7 

T2302C 


T2302PC5 

MPT24 


1N5759 

S5025C 


MCR649-7 

T2302D 


T2302PD5 

MPT28 


1N5760 

S5025G 


MCR3835-7 

T2302E 


T2302PE5 

MPT32 


1N5761 

S5025H 


MCR3935-7 

T2302F 


T2302PF5 

MPT36 , 


1N5762 

S5035G 

MCR3835-7 


T2302M 


T2302PM5 

MPU231 


2N6116 

S5035H 

MCR3935-7 


T2500 SERIES 

NOTE r 


MPU232 


2N6117 

S6006B 


MCR729-8 

T2800 SERIES 

NOTE 1 


MPU233 


2N6118 

S6025G 


MCR3835-8 

T2801 SERIES 

NOTE 1 


MU970 


2N2646 

S6025H 


2N3899 

T2802 SERIES 

NOTE 1 


MU971 


2N2647 

S6035G 

2N3873 


T2850A 


2N6346A 

Q200E3 


MAC92-4 

S6035H 

2N3899 


T2850B 


2N6346A 

Q2010L4 


2N6346A 

S6200A SERIES NOTE 1 


T2850D 


2N6347A 

Q2025G 

MAC37-4 


S6210 SERIES 

NOTE 1 


T4120 SERIES 

NOTE 1 


Q2025H 

MAC38-4 


S6220A SERIES NOTE 1 


T4121 SERIES 

NOTE 1 


Q2040D 


MAC40688 

SC141 

NOTE 1 


T6400 SERIES 

NOTE 1 


Q4010L4 


2N6347A 

SC141A SERIES NOTE 1 


T6401 SERIES 

NOTE 1 


Q4025G 

MAC37-6 


SC141A1 

SC141A 


T6410 SERIES 

NOTE 1 


Q4025H 

MAC38-6 


SC141B 

SC141B1 


T641 ISERIES 

NOTE 1 


Q4040D 


MAC40689 

SC141B SERIES NOTE 1 


T6420 SERIES 

NOTE 1 


Q5010L4 


MAC10-7 

SC141C 

SC141C1 


T6421 SERIES 

NOTE 1 


Q5025G 

MAC37-7 


SC141C SERIES NOTE 1 





Q5025H 

MAC38-7 


SC141D 

SC141D1 





Q6010L4 


2N6348A 

SC141D SERIES NOTE 1 





Q6015G 


MAC40797 

SC141E 

SC141E1 





Q6015H 


MAC40798 

SC141E SERIES NOTE 1 





Q6040D 


MAC40690 

SC141M 

SC141M1 





S0301MS3 


MCR1906-1 

SC141M SERIES NOTE 1 





S0303LS2 


MCR106-1 

SC146A 

SC146A1 





S0303LS3 


MCR106-1 

SC146A SERIES 

NOTE 1 





S0308L 


MCR3000-1 

SC146B 

SC146B1 





S0325C 


MCR649-1 

SC146B SERIES 

NOTE 1 





S0325G 


MCR3835-1 

SC146C 

SC146C1 





S0325H 


MCR3935-1 

SC146C SERIES 

NOTE 1 





S0335G 

MCR3835-1 


SC146D 

SC146D1 





S0335H 

MCR3935-1 


SC146D SERIES 

NOTE 1 





S0501MS3 


MCR 1906-2 

SC146E 

SC146E1 





S0503LS2 


MCR106-2 

SC146E SERIES 

NOTE 1 





S0503LS3 


MCR106-2 

SC146M 

SC146M1 





S0525C 


MCR649-2 

SC146M SERIES NOTE 1 





S0525G 


MCR3835-2 

SC245 SERIES 

NOTE 1 





S0525H 

MCR3935-2 


SC246 SERIES 

NOTE 1 





S0535G 

MCR3835-2 


SC250 SERIES 

NOTE 1 





S1001MS3 


MCR 1906-3 

SC251 SERIES 

NOTE 1 





S1003LS2 


MCR106-3 

SC260 SERIES 

NOTE 1 





S1003LS3 


MCR106-3 

SC261 SERIES 

NOTE 1 





S1008L 


MCR3000-3 

S0303LS2 


MCR106-1 




S1025C 


MCR649-3 

S0503LS2 


MCR106-2 




S1025G 


MCR3818-3 

S1003LS2 


MCR 106-3 




S1025H 

MCR3896 


S2003LS2 


MCR106-4 




S1035G 

MCR3870 


S4003LS2 


MCR 106-6 




S2001MS3 


MCR 1906-4 

S6003LS2 


MCR106-8 




S2003LS2 


MCR 106-4 

T2300A 


T2300PA5 




S2003LS3 


MCR 106-4 

T2300B 


T2300PB5 




S2025C 


MCR649-4 

T2300C 


T2300PC5 




S2025G 


MCR3818-4 

T2300D 


T2300PD5 




S2025H 

MCR3897 


T2300E 


T2300PE5 




S2035G 

MCR3871 


T2300F 


T2300PF5 




S2035H 

MCR3897 


T2300M 


T2300PM5 




S2800A SERIES NOTE 1 


T2301A 


T2301PA5 




S4006B 


MCR729-6 

T2301B 


T2301PA5 





DEVICES NOT SHOWN IF MOTOROLA NUMBER IS IDENTICAL; NOTE 1 : MOTOROLA DEVICE NUMBERS IDENTICAL 

REFER TO CHAPTER 1 


6-6 



IN 5758, A 
thru 

1N5762,A 




BIDIRECTIONAL DIODE THYRISTORS 

. . . two-terminal 3-layer devices that exhibit bidirectional neg- 
ative resistance switching characteristics. These economical, durable 
devices have been developed for use in thyristor triggering circuits 
for lamp drivers and universal motor speed controls. 

° Switching Voltage Range — 20 to 36 Volts Nominal 
© Symmetrical Characteristics 
© Passivated Surface for Reliability and Uniformity 


DIACS 


*MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Peak Pulse Current 

•pulse 


Amp 

(30 /us duration, 1 20 Hz 


2.0 


repetition rate) 




Power Dissipation @ T A = -40to+25°C 

PD 

300 

mW 

Derate above 25°C 


4.0 

' mW/°C 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 


^ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Switching Voltage 

v s 



Volts 

(Both Directions) 1N5758 


16 

24 


1N5759 


20 

28 


1N5760 


24 

32 


1N5761 


28 

36 


1N5762 


32 

40 


1N5758A 


18 

22 


1N5759A 


22 

26 


1N5760A 


26 

30 


1N5761A 


30 

34 


1N5762A 


34 

38 


Switching Current 

>s 



MA 

(Both Directions) 1N5758/5762 

- 

100 


(T a = -40 to +75°C) 1 N5758A/5762A 


- 

25 


Switching Voltage Change 

A V 



Volts 

(Both Directions) 1N5758,A,1N5759,A 


5.0 

- 


(Al = l s to 1 = 10 mA) 1 N5760,A,61 ,A,62,A 


7.0 

- 


Leakage Current 

■b 



MA 

(Both Directions), (Applied Voltage =14 Volts) 1 


- 

10 


Switching Voltage Symmetry 

(V s +)-(V S -) 



Volts 

1 N5758/5762 


— 

±4.0 


1 N5758A/5762A j 


- 

±2.0 


Peak Pulse Amplitude (Rgure 1) 




Volts 

(Both Polarities) 1N5758,A,1N5759,A 


3.0 

- 


1 N5760,A,61 ,A,62,A 


5.0 

- 



SEATING —r 
PLANE 7 



i 


— 1 j U- 




STYLE 3: 

PIN 1. MAIN TERMINAL 1 
2. MAIN TERMINAL 2 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.45 

4.70 

0.175 

0.185 

0 

0.41 

0.48 

0.016 

0.019 

J 

2.29 

2.79 

0.090 

0.110 


12.70 

- 

0.500 

- 


CASE 182-03 


* Indicates JE DEC Registered Data. 
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1N5758,A thru 1N5762,A 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - PEAK PULSE AMPLITUDE TEST CIRCUIT FIGURE 2 - VOLT-AMPERE CHARACTERISTICS 


?■ 


R 1 

■A/W 
10 k 


Cl 


—\(r~ 

0.1 mf 


-9 


50 V 


Diodo 

Under 

Test 


> R2 

< 100 n, 


v out 


6- 


-o 




-40 -20 0 20 40 60 80 100 



-40 -20 0 20 40 60 80 If 


Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 5 - SWITCHING TIMES 


FIGURE 6 - CONTROL CIRCUIT 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

Ip, PEAK CURRENT (AMPERES) 



Motorola 

Bilateral | Motorola 

2N6148 
T riac 


Trigger \//\ 2N61- 






2N681 



REVERSE BLOCKING TRIODE THYRISTORS 

, . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 

® Glass Passivated Junctions and Center Gate Fire for Greater Para- 
meter Uniformity and Stability 
• Blocking Voltage to 800 Volts 


SILICON 

CONTROLLED RECTIFIER 


25 AMPERES RMS 
25-800 VOLTS 



STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 


CASE 263-03 













2N681 thru 2N692 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.0 

o 

o 


ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Average Forward or Reverse Blocking Current 

'diavj.'riav) 




mA 

(Rated V DRM or V RRM , gate open, 






Tj = 125°C) 2N681 -2N684 


- 

- 

6.5 


2N685 


- 

- 

6.0 


2N686 


- 

- 

5.5 


2N687 


- 

- 

5.0 


2N688 


- 

- 

4.0 


2N689 


- 

- 

3.0 


2N690 


- 

- 

2.5 


2N691 


- 

- 

2.25 


2N692 


- 

- 

2.0 


Peak Forward or Reverse Blocking Current 

'drm.'rrm 




mA 

(Rated Vd R m or V RRM< 9 ate open, Tj = 125°C) 


- 

- 

2.0 


•Peak On-State Voltage 

VtM 

- 

- 

2.0 

Volts 

( Ijm = 50.3 A peak. Pulse Width <1.0 ms. 






Duty Cycle < 2.0%) 






Gate Trigger Current, Continuous dc 

l GT 




mA 

(V A K = 12 Vdc, R L = 50 SI) 


- 

' 

40 


*(V A K = 12 Vdc, R L = 50 ft,T C = -65°C) 


- 


80 


Gate Trigger Voltage, Continuous dc 






(V AK = 12 Vdc, R L = 50O) 


- 




*(V AK = 12 Vdc, R l = 50 SI, Tj = -65°C) 


- 




•Gate Non-Trigger Voltage 

VGD 





(Rated V DRM , R L = 50 SI, Tj = 125°C) 


0.25 

- 

- 


Holding Current 

'H 

- 

7.3 

50 


(V A k = 12 Vdc, Gate Open) 






Critical Rate of Rise of Off-State Voltage 

dv/dt 

- 

30 

- 


(Rated Vd R m, Exponential Waveform, Tj = 125°C, 






Gate Open) 







•Indicates JEDEC Registered Data. 



0 2.0 4.0 6.0 8.0 10 12 14 16 


lT(AV), AVERAGE ON STATE CURRENT (AMP) 


FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION 
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, GATE TRIGGER VOLTAGE (VOLTS) iQT. PEAK GATE CURRENT (mA) 


TYPICAL 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 20 

PULSE WIDTH (ms) 



-60 -40 -20 0 20 40 60 80 100 120 141 


Tj, JUNCTION TEMPERATURE (°C) 







REVERSE BLOCKING TRIODE THYRISTORS 


These devices are glassivated planar construction designed for 
gating operation in mA//iA signal or detection circuits. 


• Low-Level Gate Characteristics — 

lGT= 10 mA (Max) @25°C 

• Low Holding Current — 

lH = 5.0 mA (Typ) @ 25°C 

• Glass-to-Metal Bond for Maximum Hermetic Seal 



•MAXIMUM RATINGS (Tj = 125°C unless otherwise noted, Rqq = 1 kfi) 

i Rating Symbol Value 

Repetitive Peak Reverse Blocking Voltage <1 ) Vrrm 

2N1595 50 

2N1596 100 

2N1597 200 

2N1598 300 

2N1599 400 


Repetitive Peak Forward Blocking Voltage (1 ) 
2N1595 


RMS On-State Current l T{RMS> 

(All Conduction Angles) 


Peak Non-Repetitive Surge Current Ijsm 

(One Cycle. 60 Hz, Tj = -65 to +1 25°C) 


Peak Gate Power ^GM 

Average Gate Power PG(AV) 


Peak Gate Current Iqm 


Peak Gate Voltage - Forward V GFM 

Reverse V GRM 


Operating Junction Temperature Range 


Storage Temperature Range 


’Indicates JEDEC Registered Data. 

(1) Vqrm or Vrrm for all types can be applied on a continuous DC basis 
without incurring damage. 


SILICON CONTROLLED 
RECTIFIERS 

1.6 AMPERE RMS 
50 thru 400 VOLTS 
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TC. MAXIMUM ALLOWABLE CASE 
TEMPERATURE (°C) 


2N 1595 thru 2N1599 





ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Reverse Blocking Current 
<V R = Rated V RRM .Tj=12S°CI 


~ 

- 

1.0 

mA 

•Peak Forward Blocking Current 

(Vp = Rated Vqrm, Tj = 125°C) 


~ 

— 

1.0 

mA 

•Peak On-State Voltage 

(Ip = 1 .0 Adc, Pulsed, 1 .0 ms (Max). Duty Cycle < 1%) 

V TM 

— 

1.1 

2.0 

Volts 

•Gate Trigger Current 

(V D = 7 V,R U = 12 Ohms) 

'GT 

- 

2.0 

10 

mA 

•Gate Trigger Voltage 

(Vq = 7.0 V, Rl =12 Ohms) 

(V D = 7.0 V,R L = 12 0hms.Tj = 125°C) 



0.7 

3.0 

Volts 

Reverse Gate Current 
(V G K = 10 V) 

'GR 

~ 

17 


mA 

Holding Current 
(V D = 7.0 V) 

'H 


5.0 

... | 

- 


Turn-On Time 

(Iqt = 10 mA, Ip = 1 .0 A) 

(lGT= 20 mA, Ip = 1.0 A) 

igt 

- 

0.8 

0.6 

■ - 

MS 

Turn-Off Time 

(IF = 1.0 A, Ir = 1.0 A,dv/dt= 20 V/ms, T j = 125°C) 


~ 

10 

— 

MS 


'Indicates JEDEC Registered Data. 


CURRENT DERATING 


FIGURE 1 - CASE TEMPERATURE REFERENCE 




).1 0.2 0.3 0.4 0.5 0.6 

IF(AV), AVERAGE FORWARD CURRENT (AMP) 
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REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 

• Glass Passivated Junctions with Center Gate Geometry for 
Greater Parameter Uniformity and Stability 
© Blocking Voltage to 500 Volts 


MAXIMUM RATINGS (Tj = 100°C unless otherwise noted.) 


Rating Symbol 


•Peak Repetitive Forward or Reverse Blocking Vdrm 

Voltage (1) 2N1842 or 

2N1843 

2N1844 V RRM 

2N1845 

2N1846 

2N1847 

2N1848 

2N1849 

2N1850 


IMon-Repetitive Peak Reverse Voltage 

2N1842 

2N1843 

2N1844 

2N1845 

2N1846 

2N1847 

2N1848 

2N1849 

2N1850 


•Average On-State Current (Tc = 35°C) l T(AV) 


Peak Non-Repetitive Surge Current 
(One cycle, 60 Hz, preceded and followed 
by rated current and voltage) 


Circuit Fusing 

(Tj = -40 to +1 00°C, t = 1 .0 to 8.3 ms) 


•Peak Gate Power 


Average Gate Power 


Peak Forward Gate Current M 


•Peak Gate Voltage — Forward 
Reverse 


SILICON 

CONTROLLED RECTIFIERS 


16 AMPERE RMS 
25-500 VOLTS 



Watts 


Watt 


Amp 




•Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 




(1) Vqrm and Vrrm for all types can be applied on a continuous dc basis without 
incurring damage. Ratings apply for zero or negative gate voltage. Devices should 
not be tested for blocking capability in a manner such that the voltage supplied 
exceeds the rated blocking voltage, 
indicates JEDEC Registered Data. 



STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 


7-10 


































2N1842 thru 2IM1850 


ELECTRICAL CHARACTERISTICS (Tq - 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Average Forward or Reverse Blocking Current 

(Vp = Rated v R = Rated Vrrm Tq = 35°C) 

2N1842 

Id(av)Jr(av) 



22.5 

mA 

2N1843 


- 

- 

19 


2N1844 


- 

- 

12.5 


2N1845 


- 

— 

6.5 


2N1846 


- 

- 

6.0 


2N1847 


- 

- 

. ■ 


2N1848 


- 

- 

5.0 


2N1849 


- 

- 

4.0 


2N1850 


- 

- 

3.0 


Peak Forward or Reverse Blocking Current 

(Vq Rated Vdrm v D = Rated Vrrm gate open, 

T C = 100°C)| 

'drmJrrm 


_ 

6.0 


•Peak On-State Voltage 

Vtm 

- 

- 

liSEEFjiKfli 

■ 

(Ijm = 31.4 A peak. Pulse Width < I.Oms, 

Duty Cycle < 2.0%) 





nfl 

Gate Trigger Current, Continuous dc 

•gt 

■ 




(V D = 12 Vdc, Rj_ = 50 ft) 





I ■ 

*<Vp = 12 Vdc, R L = 50 ft, T C = -40°C) 




■ 

■ mm 

Gate Trigger Voltage, Continuous dc 

V GT 





(Vp = 12 Vdc, R L = 50 ft) 

*<Vp = 12 Vdc, R L = 50ft, T c = -40°C) 


I 


3.5 


*(V D Rated Vp RM , R L = 50 f 2 , T c = 100°C) 


■ 


- 


Holding Current 

•h 




mA 

(V D = 12 Vdc, Gate Open) 


- 

7.0 

- 


Critical Rate of Rise of Off-State Voltage 

dv/dt 

- 

30 

- 


(Vp = Rated Vqrm^ Exponential Waveform, 

T C = 100°C, Gate Open) 







* Indicates JEDEC Registered Data. 



IT(AV), AVERAGE FORWARD CURRENT (AMPS) 



-60 -40 -20 0 20 40 60 80 100 120 140 


Tj. JUNCTION TEMPERATURE <°C) 



-60 -40 -20 0 20 40 60 80 100 120 140 


Tj. JUNCTION TEMPERATURE (°C) 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 
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2N1842J& 

thru 

2N1S50A 




REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 

• Glass Passivated Junctions with Center Gate Geometry for 

Greater Parameter Uniformity and Stability 

• Blocking Voltage to 500 Volts 

• Junction Temperature Rated @ 125°C 


MAXIMUM RATINGS (Tq = 125 C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

*Peak Repetitive Forward or 

V DRM 


Volts 

Reverse Blocking Voltage ( 1 ) 2N 1 842A 

or 

25 


2N1843A 

V RRM 

50 


2N1844A 


100 


2N1845A 


150 


2N1846A 


200 


2N1847A 


250 


2N1848A 


300 


2N1849A 


400 


2N1850A 


500 


*Non-Repetitive Peak Reverse Voltage 

V RSM 


Volts 

2N1842A 


35 


2N1843A 


75 


2N1844A 


150 


2N1845A 


225 


2N1846A 


300 


2N1847A - 


350 


2N1848A 


400 


2N1849A 


500 


2N1850A 


600 


•Average On-State Current (Tq = 80°C) 

'T(AV) 

10 

Amp 

*Peak Non-Repetitive Surge Current 

•tsm 

125 

Amp 

(One cycle, 60 Hz, preceded and followed 




by rated current and voltage) 




Circuit Fusing 

|2 t 

60 

A 2 s 

(T j = -65 to +1 25°C, t * 1 .0 to 8.3 ms) 




•Peak Gate Power 

P GM 

5.0 

Watts 

‘Average Gate Power 

P G(AV) 

0.5 

Watt 

‘Peak Forward Gate Current 

•gm 

2.0 

Amp 




Volts 








°C 

‘Storage Temperature Range 

T stg 

-65 to +125 

°C 

THERMAL CHARACTERISTIC 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.0 

°c/w 


(1) Vdrm and Vrrm for all types can be applied on a continuous dc basis without 
incurring damage. Ratings apply for zero or negative gate voltage. Devices should 
not be tested for blocking capability in a manner such that the voltage supplied 
exceeds the rated blocking voltage. 

"indicates JEDEC Registered Data. 


SILICON CONTROLLED 
RECTIFIERS 


16 AMPERE RMS 
25 - 500 VOLTS 






WliWmjiU 

INCHES 

EHS 

IMX9 

ML* 


A 

15.34 


0.604 

0.614 

B 


14.20 

■fIT.il 


C 

26.67 



1.190 

F 

3.43 

4.06 


■illHill 

H 

2.2S 

REF 

an 

J 


■illi 

EHa 


mm 

15.75 

■Fliy 


■mrifiii 

L 

■Mfrl 

■:T*1 

■Hklilil 

■nkwn 

Q 

1.40 

2.16 


■UDliFl 

R 

1.6* 

REF 

■EES 

5 REF 

T 

12.73 

12.83 

0.501 | 0.505 


STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 

CASE 263-03 
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E TEMPERATURE (°C) 


2N1842A thru 2N1850A 


ELECTRICAL CHARACTERISTICS < T c * C other*™ noted.) 

Characteristic Symbol 

•Average Forward or Reverse Blocking Current l D(AV), l R(AV) 

(V D = Rated V D rm or V R = Rated V RRM< 
gate open, Jq - 125°C) 2N1842A 

2N1843A 
2N1844A 
2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 

2N1850A 

Peak Forward or Reverse Blocking Current l DRM, , RRM 

(V D = Rated V DRM or V R - Rated V RRM< 
gate open. Tq = 125°C) 

•Peak On-State Voltage V-j-|yj 

(Ijm = 31 .4 A peak. Pulse Width <1.0 ms. 

Duty Cycle < 2.0%) 

Gate Trigger Current, Continuous dc Iqj 

(V D = 12 Vdc. R L = 50ft) 

• V D = 1 2 Vdc, R L - 50 ft, T c - -65°C) 

Gate Trigger Voltage, Continuous dc V<3T 

(V D = 12 Vdc, R|_ = 50 ft) 

* ( V D = 1 2 Vdc. R L = 50 ft. T c = -40°C) 

* (V D = 12 Vdc, R L = 50 ft, T c = -65°C) 

*(V D = Rated V DRM . R L = 50 ft, T C = 125°C) 

Holding Current l R 

(Vq =12 Vdc, Gate Open) 

Critical Rate of Rise of Off-State Voltage dv/dt 

(Vo = Rated Vqrm Exponential Waveform, 

T C = 125°C, Gate Open) 

•Indicates JEDEC Registered Data. 

FIGURE 1 - AVERAGE CURRENT DERATING 


DC, 10, 30. 60, CIRCUIT-RESISTIVE OR 
INDUCTIVE LOAD, 50 TO 400 CPS “ 



FIGURE 2 - GATE TRIGGER CURRENT 


•CONDUCTION ANGLE 




'T(AV), AVERAGE FORWARD CURRENT (AMPS) 

FIGURE 3 - GATE TRIGGER VOLTAGE 


-OFF-STATE 



Tj, JUNCTION TEMPERATURE (°C) 

FIGURE 4 - HOLDING CURRENT 




Tj, JUNCTION TEMPERATURE (°C) 


Tj. JUNCTION TEMPERATURE (°C) 






2N2322 
thri 
2N2329 



REVERSE BLOCKING TRIODE THYRISTOR 

. . . all-diffused PNP devices designed for gating operation in mA/ 
fiA signal or detection circuits. 

• Low-Level Gate Characteristics 
IqT = 200 pA (Max) @ 25°C 

• Low Holding Current - Ih = 2.0 mA (Max) @ 25°C 

• Anode Common to Case 

• Glass-to-Metal Bond for Maximum Hermetic Seal 


*MAXIMUM RATINGS (Tq = 25°C unless otherwise noted, Rgk = 1000 ohms) 

Rating Symbol Value l 

Peak Repetitive Forward and Reverse Vqrm V 

Blocking Voltage or 

(Notes 2 and 3) 2N2322 w 25 

2N2323 VRRM 50 

2N2324 100 

2N2325 150 

2N2326 200 

2N2327 250 

2N2328 300 

2N2329 400 


Non- Repetitive Peak Reverse Blocking Voltage VrsM 

(t< 5.0 ms, Notes 2 and 3) 2N2322 


SILICON CONTROLLED 
RECTIFIER 


1.6 AMPERE RMS 
25 thru 400 VOLTS 





STYLE 3: ' 

PIN 1. CATHODE 

2. GATE 

3. ANODE (CONNECTED TO CASE) 


MILLIMETERS | 

INCHES 

MIN 

MAX 

MIN 

MAX 

8.89 

9.40 

0.350 

0.37 

8.00 

8.51 

0.315 

0.33 

6.10 

6.60 

0.240 

0 26 

0.406 

0.533 

0.016 

0.02 

0.229 

3.18 

0.009 

0.12 

0.406 

0.483 

0.016 

0.01 

4.83 

5.33 

0.190 

0.21 

0.711 

0.864 

0.028 

0.03 

0.737 

1.02 

0.029 

0.041 

12.70 

- 

0.500 

- 

6.35 

- 

0.250 

- 

45° N0M | 

45° N0M 

- 

1.27 

- 

0.05 

90° N0M 1 

90° N0M 

2.54 

IZJ 

0.100 



All JEDEC dimensions and notes apply 
CASE 79-02 
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2N2322 thru 2N2329 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted, Rgk = 1000 ohms) 


Characteristic 

Symbol 

Min 

Max 

Unit 

•Peak Reverse Blocking Current 

>RRM 

- 

100 

mA 

(Rated V RR m« Tj = 125°C) 





•Peak Forward Blocking Current 

•drm 

- 

100 

juA 

(Rated V DRM ,Tj = 125°C) 





Peak On-State Voltage 

V TM 



Volts 

(l TM = 1.0 A Peak) 


- 

1.5 


(Ijm = 3.14 A Peak, T c - 85°C)* 


- 

2.0 


Gate Trigger Current (Note 1 ) 

'GT 



MA 

(V D = 6.0 Vdc, R L = 100 ohms) 


- 

200 


(V D = 6.0 Vdc, R L = 100 ohms, T C = -65°C) 


- 

350* 


Gate Trigger Voltage 

V GT 



Volts 

(V D = 6.0 Vdc, Rl - 100 ohms) 


- 

0.8 


(V D = 6.0 Vdc, R L = 100 ohms, T C = -65°C)* 


- 

1.0 


(V D = Rated V DRM , R L = 100 ohms.Tj = 125°C)* 


0.1 

- 


Holding Current 

lH 



mA 

(V D = 6.0 Vdc) 


- 

2.0 


(V D = 6.0 Vdc, T c = -65°C)* 


- 

3.0 


(V D = 6.0 Vdc, T C = 1 25°C)* 


0.15 

- 



•Indicates JEDEC Registered Data. 

Notes: 1. Rgk current is not included in measurement. 

2. Thyristor devices shall not be tested with a constant current 3. Thyristor devices shall not have a positive bias applied to the 
source for forward or reverse blocking capability such that the gate concurrently with a negative potential applied to the anode, 
voltage applied exceeds the rated blocking voltage. 


CURRENT DERATING 


FIGURE 1 - CASE TEMPERATURE 



Ij(AV). AVERAGE ON-STATE CURRENT (AMP) 
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2N2573 thru 2N2579 
MCR649AP-1 thru -10 


REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed for industrial applications such as motor controls, 
heater controls, and power supplies, wherever half-wave or dc silicon 
gate controlled devices are needed. 

• Glass Passivated Junctions for Maximum Reliability 

• Center Gate Geometry for Parameter Uniformity 

• High Surge Current, IjSM = 260 A, for Crowbar Service 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 

Rating Symbol 

Peak Repetitive Forward and Reverse V DRM 

Blocking Voltage (1 ) or 

2N2573, MCR649AP-1 V RRM 

2N2574, MCR649AP-2 
2N2575, MCR649AP-3 
2N2576, MCR649AP-4 
2N2577, MCR649AP-5 
2N2578, MCR649AP-6 
2N2579, MCR649AP-7 



On-State Current 

| Ij(RMS) ] 

Circuit Fusing 

(Tj = -65°C to +125°C, t < 8.3 ms) 


Peak Surge Current 

(One Cycle, 60 Hz, Tj = -65° to +125°C) 


Peak Gate Power — Forward 

p GM 

Average Gate Power — Forward 

P G(AVG) 

Peak Gate Current — Forward 

HQSH 

Peak Gate Voltage — Forward 

Reverse 

mam 

IKZSI 


Operating Junction Temperature 


Storage Temperature 



SILICON CONTROLLED 
RECTIFIER 

25 AMPERES RMS 

25-500 VOLTS 



>TYLE 1 • 

PIN I. GATE 
2. CATHODE 
CASE. ANODE |- 


f S ■ 


M 0.210 0220 

27~ 0 650 ~0 680 
32 0 UP 0 170 


MCR649AP-1 

thru 

MCR649AP-10 


STYLE 2. (THYI 
PIN 1. GATE 
2. CATHODE 
CASE- ANODE 


Le / 
SEATING PLANE 
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2N2573 thru 2N2579 / MCR649AP-1 thru -10 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Current 

(Vq = Rated Vqrm with gate open, Tj = 125°C) 

*DRM 

_ 

0.6 

5.0 

mA 

Peak Reverse Blocking Current 

(Vr = Rated Vrrm, Tj = 125°C) 

*RRM 

_ 

0.6 

5.0 

mA 

Gate Trigger Current (Continuous dc) 

(V D = 7 Vdc, R L = 100 n) 

'GT 

_ 

_ 

40 

mA 

Gate Trigger Voltage (Continuous dc) 

(V D = 7 Vdc,R L = 100 «) 

(Vq = Rated V DRM , R L = 100 S2, Tj = 125°C) 

Vgt 

0.3 

0.7 

3.5 

Volts 

Forward On Voltage 
(l TM = 20 Adc) 

V TM 

_ 

1.1 

1.4 

Volts 

Holding Current 

(Vq = 7 Vdc, Gate Open) 

'H 

_ 

10 

_ 

mA 

Turn-On Time (t^ + t r ) 

(IqX = 50 mA, ly = 10A, Vq = Rated Vqrm) 

x gt 

_ 

1.0 

_ 

MS 

Turn-Off Time 

(l T = 10A, Ir = 10 A, dv/dt = 20 V/ms, Tj = 125°C) 
(Vq = Rated Voltage Vqrm) 

X Q 

- 

30 

- 

MS 

Forward Voltage Application Rate (Exponential) 

(Gate Open, Tj = 125°C, Vq = Rated VQRfyj) 

dv/dt 

- 

30 

- 

V/MS 


FIGURE 1 - CURRENT DERATING 



0 5 10 15 20 25 

Ij(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 2 - GATE TRIGGER CHARACTERISTICS 

MAXIMUM ALLOWABLE 
FORWARD GATE 
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Vgt, GATE TRIGGER VOLTAGE (VOLTS) lH. HOLDING CURRENT (mA) q-, INSTANTANEOUS FORWARD CURRENT (AMP) 


2N2573 thru 2N2579 / MCR649AP-1 thru -10 


FIGURE 3 - ON-STATE CHARACTERISTICS 



0.0 0.5 1.0 1.5 2.0 2.5 


vj, INSTANTANEOUS FORWARD ON VOLTAGE (VOLTS) 

FIGURE 5 - EFFECT OF TEMPERATURE ON 
TYPICAL HOLDING CURRENT 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7 - EFFECT OF TEMPERATURE ON 
TYPICAL GATE VOLTAGE 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 4 - MAXIMUM ALLOWABLE NON RECURRENT 


SURGE CURRENT 



FIGURE 6 - EFFECT OF TEMPERATURE ON 
TYPICAL GATE CURRENT 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj. JUNCTION TEMPERATURE (°C) 


FIGURE 8 - MAXIMUM TRANSIENT THERMAL 
RESISTANCE JUNCTION TO CASE 



t, TIME ($) 
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2N2646 

2N2647 



SILICON PN 

UNIJUNCTION TRANSISTORS 


. . . designed for use in pulse and timing circuits, sensing circuits and 
thyristor trigger circuits. These devices feature: 

• Low Peak Point Current — 2.0 /iA (Max) 

• Low Emitter Reverse Current — 200 nA (Max) 

• Passivated Surface for Reliability and Uniformity 


^MAXIMUM RATINGS (T^ = 25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Dissipation (1) 

Pd 

300 

mW 

RMS Emitter Current 

•eirms) 

50 

mA 

Peak Pulse Emitter Current (2) 

‘E 

2.0 

Amp 

Emitter Reverse Voltage 

V B2E 

30 

Volts 

Interbase Voltage 

V B2B1 

35 

Volts 

Operating Junction Temperature Range 

Tj 

-65 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


’Indicates JED EC Registered Data. 

{ 1 ) Derate 3.0 mW/°C increase in ambient temperature. The total power dissipation 
(available power to Emitter and Base-Two) must be limited by the external circuitry. 
(2) Capacitor discharge — 10 /iF or less, 30 volts or less. 


PN UNIJUNCTION 
TRANSISTORS 




— A — 


rn] 


□ 

i 

C 

* 

SEATING / 
PLANE 


K 


-il-D 


N 


G 

1 


STYLE 1: 

PIN 1. EMITTER 

2. BASE 1 

3. BASE 2 


Pin 3 Connected to Case. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

D 

0.41 

0.48 

0.016 

0.019 

G 

2.54 TYP 

0.100 TYP 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

— 

M 

45° T 

VP 

45° TYP 

N 

1.27 TYP 

0.050 TYP 


CASE 22A-01 

(TO- 18 Except for Lead Position) 

I 
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2N2646, 2N2647 



•ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 


n 




_ 

(Vb 2B1 = 10 v ) ( Not e 1) 

2N2646 


0.56 

- 

0.75 



2N2647 


0.68 

- 

0.82 


Interbase Resistance 


r BB 

4.7 

menm 

9.1 

k ohms 

(V B 2B1 = 3.0 V, l E = 0) 






Interbase Resistance Temperature Coefficient 


ar BB 

0.1 

~ 

0.9 


< V B2B1 ” 3.0 V, l E = 0, T A = -55°C to +125°C) 






Emitter Saturation Voltage 


v EB1(sat) 

- 

3.5 

- 

Volts 

<Vb 2B1 = 10 V, l E = 50 mA) (Note 2) 







Modulated Interbase Current 


>B2(mod) 

- 

15 

- 


(Vb 2B1 = 10 V, l E = 50 mA) 







Emitter Reverse Current 


>EB20 




MA 

(Vb 2E = 30 V, Igi = 0) 

2N2646 


- 

0.005 

12 



2N2647 


- 

0.005 

0.2 


Peak Point Emitter Current 







(V B 2B1 = 25 V) 

2N2646 


- 





2N2647 

B 

- 




Valley Point Current 


■ 





(V B 2B1 = 20 V, R b2 = 100 ohms) (Note 2) 

2N2646 

■ 

4.0 

6.0 

- 



2N2647 


8.0 

10 

- 


Base-One Peak Pulse Voltage 






Volts 

(Note 3, Figure 3) 

2N2646 

■ 



- 



2N2647 

■ 



- 



'Indicates JEDEC Registered Data. 
Notes: 

(1) Intrinsic standoff ratio, 

tj, is defined by equation: 

Vp - V F 

v 

V B2B1 


(2) Use pulse techniques: PW % 300 ms, duty cycle < 2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

(3) Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


Where Vp = Peak Point Emitter Voltage 
Vb 2B1 = Interbase Voltage 
Vp = Emitter to Base-One Junction Diode Drop 
(* 0.45 V@ 10 mA) 


FIGURE 2 


FIGURE 1 

UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 

1 B2 



STATIC EMITTER CHARACTERISTIC 
CURVES 


(Exaggerated to Show Details) 

V E 



FIGURE 3 - V 0 B1 TEST CIRCUIT 

(Typical Relaxation Oscillator) 

Vi 
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2N366S thru 2N3670 
2N4103 


-Ok 


REVERSE BLOCKING TRIODE THYRISTOR 

These devices are designed for 12.5 Ampere RMS, 100 through 

600 Volt power supply and computer control applications to 100°C 
maximum Junction Temperature. 

® Low Forward "On” Voltage — 

Vtm = 1.8 Volts (Max) @ Tj = 25°C 

® All Diffused Junctions for Greater Parameter Uniformity 

® Glass Passivated for Greater Stability 

♦MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward and 

V DRM 


Volts 

Reverse Blocking Voltage (1) 

or 



2N3668 

Vrrm 

100 


2N3669 


200 


2N3670 


400 


2N4103 


600 


Forward Current RMS (Tq = 80°C) 

'T(RMS) 

12.5 

Amps 

(All Conduction Angles) 




Peak Forward Surge Current 

•tsm 

200 

Amps 

(1/2 cycle, Sine Wave, 60 Hz, 




Tj = -40 to 100°C) 




Circuit Fusing 

|2 t 

170 

A2s 

(Tj = -40 to +100°C,t = 1.0 to 8.3 ms) 




Forward Peak Gate Power 

P GM 

5.0 

Watts 

Forward Average Gate Power 

P G( AV) 

0.5 

Watt 

Forward Peak Gate Current 

'GM 

2.0 

Amps 

Peak Forward Gate Voltage 

V GF 

10 

Volts 

Peak Reverse Gate Voltage 

V GR 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +125 

°c 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R flJC 

1.7 

°C/W 

(1 ) ^DRM and Vrrm for all types can be applied on a continuous dc basis 


without incurrent damage. Ratings apply for zero or negative gate voltage. 


Devices should not be tested for blocking capability in a manner such that 


the voltage supplied exceeds the rated blocking voltage. 




SILICON CONTROLLED 
RECTIFIER 


12.5 AMPERES RMS 
100-600 VOLTS 



Lit 






SEATING PLANE 



STYLE 2: (THY) 

PIN 1. GATE 
2. CATHODE 
CASE: ANODE 


DIM 

MILLIMETERS 

INC 

:hes 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.12 


1.540 

B 

- 

20.70 

- 

0.815 

C 

- 

7.92 

- 

0.312 

D 

1.22 

1.30 

0.048 

0.051 

E 

2.84 

3.05 

0.112 

0.120 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.54 

16.79 

0.651 

0.661 

K 

8.13 

10.67 

0.320 

0.420 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.16 

- 

1.030 


* Indicates JEDEC Registered Data. 
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2N3668 thru 2N3670, 2N4103 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

•Peak Forward Blocking Current 


'drm 




mA 

(V D = Rated V DRM @ T j - 100°C) 

2N3668 


- 

- 

2.0 



2N3669 



- 

2.5 



2N3670 


- 

- 

3.0 



2N4103 


- 

- 

4.0 


*Peak Reverse Blocking Current 


*RRM 




mA 

(Vr = Rated Vrrm @ Tj = 100°C) 

2N3668 


- 

- 

1.0 



2N3669 


— 

— 

1.25 



2N3670 


- 

- 

1.5 



2N4103 


- 

- 

2.0 


‘Forward "On" Voltage (1) 


Vtm 

- 

1.1 

1.8 

Volts 

(ITM = 25 A peak) 







‘Gate Trigger Current (Continuous dc) 

(Tj = 25°C) 

•gt 

- 

7.0 

40 

mA 

(V D = 12 Vdc, R l = 24 Ohms) 

(Tj = -40°C)* 


- 

- 

80 


•Gate Trigger Voltage (Continuous dc) 


Vgt 




Volts 

(Vo = 12 Vdc, R|_ = 24 Ohms) 

(Tj = -40°C)* 


- 

1.0 

3.0 



(Tj = +25°C) 


- 

0.68 

2.0 



(Tj = +100°C) 


0.3 

- 

- 


Holding Current 


'H 

- 

20 

50 

mA 

(V D = 12 Vdc, l T = 0.5A) 







Turn-On Time 


l gt 

- 

0.5 

- 

MS 

(Vo = Rated Vqrm, •TM = 8A « •g = 0.2A, 







t r = 100ns) 







Turn-Off Time 



- 

20 


MS 

(Vo = Rated Vorm, *TM = 8A * *G = 200 mA, 







Pulse Width < 50 ms, dv/dt = 20 V /ms. 







di/dt = 30 A/ms, T C = 80°C) 







Forward Voltage Application Rate 


dv/dt 

10 

100 

- 

V/ms 

Exponential 


■ 





(V D = Rated V D rm, t C = 100°C) 








* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 1 ms. Duty Cycle < 1% 


FIGURE 1 - TYPICAL GATE TRIGGER CURRENT 



FIGURE 2 - TYPICAL GATE TRIGGER VOLTAGE 
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GATE TRIGGER CURRENT (mA) 


2IM3668 thru 2N3670, 2N4103 


FIGURE 3 - TYPICAL GATE TRIGGER CURRENT FIGURE 4 - TYPICAL GATE TRIGGER VOLTAGE 



Tj, JUNCTION TEMPERATURE (°C) Tj f JUNCTION TEMPERATURE (°C) 




2N3870 thru 2N3873 
2N3896 thru 2N3899 
2N6171 thru 2N6174 


J? G 

Ao ► P oK 


REVERSE BLOCKING TRIODE THYRISTORS 

. . . designed for industrial and consumer applications such as power 
supplies; battery chargers; temperature, motor, light and welder 
controls. 

• Economical for a Wide Range of Uses 

• High Surge Current - IjsM = 350 Amp 

• Practical Level Triggering and Holding Characteristics - 

4.0 and 5.2 mA (Typ) @ T C = 25°C 

• Rugged Construction in Either Pressfit, Stud or Isolated 

Stud Package 


MAXIMUM RATINGS (Tq = 100°c unless Otherwise noted) 


Rating 

' Symbol 

Value 

Unit 

•Peak Repetitive Forward or Reverse 

V RRM 


Volts 

Blocking Voltage (1 ) 

or 



(Tj = -40 to +100°C, 1/2 Sine Wave, 50 to 

V DRM 



400 Hz, Gate Open) 




2N3870, 2N3896, 2N6171 


100 


2N3871, 2N3897, 2N6172 


200 


2N3872, 2N3898, 2N6173 


400 


2N3873, 2N3899, 2N6174 


600 


•Peak Non-Repetitive 

V RSM 


Volts 

Forward or Reverse Blocking Voltage 

or 



(t < 5.0 ms) 

V DSM 



2N3870, 2N3896, 2N6171 


150 


2N3871, 2N3897. 2N6172 


330 


2N3872, 2N3898, 2N6173 


660 


2N3873, 2 N 3899, 2N6174 


700 


•Average On-State Current (2) 

'T(AV) 


Amp 

(T c = -40 to +65°C) 


22 


(T C = +85°C) 


11 


•Peak Non-Repetitive Surge Current 

•tsm 

350 

Amp 

(One cycle, 60 Hz) (T c = +65°C) 




Circuit Fusing 

iSt 

510 

A2s 

(T c = -40 to +100°C) 




It = 1.0 to 8.3 ms) 




•Peak Gate Poyver 

P GM 

20 

Watts 

‘Average Gate Power 

P G(AV) 

0.5 

Watt 

•Peak Forward Gate Current 

'GM 

2.0 

Amp 

Peak Gate Voltage 

V GM 

10 

Volts 

'Operating Junction Temperature 

Tj 

-40 to +100 

°C 

Range 




•Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque 

~ 

30 

in lb. 


•THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 


°C/W 

2N3870 thru 2N3873. 2N3896 thru 2N3899 

0.9 


2N6171 thru 2N6174 


1.0 



•Indicates JEDEC Registered Data. 

(D Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias 
applied to the gate concurrently with a negative potential on the anode. Devices should 
not be tested with a constant current source for forward or reverse blocking capability 
such that the voltage applied exceeds the rated blocking voltage. 

(2) Isolated stud devices must be derated an additional 10 percent. 


SILICON 

CONTROLLED 

RECTIFIERS 

35 AMPERES RMS 
100-800 VOLTS 


CASE 311-01 
(Stud Isolated) 



thru 

2N6174 


CASE 174-03 



2N3870 CASE 174-03 

thru TO-203 

2N3873 



STYLE 1- 
TERM i GATE 



2N3896 

thru 

2N3899 



CASE 175-02 


STYLE 1 ' 

TERM 1 CATHODE 
2 GATE 




2N6171 CASE 311-01 


thru 

2N6174 


(Stud Isolated) 

STYLE 1 

1 CATHODE 

2 GATE 


DIM 

MILLIM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

14 00 

14 20 

0.551 

0.559 

8 

12.73 

12 83 

0 501 

0 505 

C 

- 

32.51 

- 

1.280 

F 

- 

4.06 

- 

0.160 

G 

2.1B 

2 41 

0 085 

0.095 

H 

1 60 

2 01 

0.063 

0 079 

J 

10 67 

11.56 

0.420 

0.455 


7 62 

8.89 

0.300 

0.350 

T~ 

6 48 

6 99 

0.255 

0.275 

0 

140 

2.16 

0 055 

0 085 

T 

3 43 

3 81 

0.135 

0 150 
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2N3870 thru 2N3873, 2N3896 thru 2IM3899, 2N6171 thru 2N6174 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

‘Peak Forward Blocking Current 

>DRM 





(Vq = Rated Vqrm, with gate open, Tc = 100°C) 






2N3870, 2N3896, 2N6171 


- 

1.0 

2.0 

■ 

2N3871 , 2N3897, 2N6172 


- 

1.0 

2.5 

H 

2N3872, 2N3898, 2N6173 


- 

1.0 

3.0 

■ 

2N3873, 2N3899, 2N6174 


- 

1.0 

4.0 

■ 

‘Peak Reverse Blocking Current 

•rrm 





(Vr = Rated Vrrm, with gate open, Tq = 100°C) 





2N3870, 2N3896, 2N6171 


- 

1.0 

2.0 


2N3871, 2N3897, 2N6172 


- 

1.0, 

2.5 


2N3872, 2N3898, 2N6173 


- 

1.0 

3.0 


2N3873, 2N3899, 2N6174 


- 

1.0 

4.0 


‘Peak On-State Voltage 

V TM 

- 

1.5 

1.85 

Volts 

dTM = 69 A Peak) 






‘Gate Trigger Current, Continuous dc ‘Tq = -40°C 

•gt 

- 

9.0 

80 

mA 

(V D = 12 V, R l = 24 ohms) T c = 25°C 


- 

4.0 

40 


‘Gate Trigger Voltage Continuous dc 

V GT 





(V D = 12 V, R L = 24 ohms) ' *T C = -40°C 


- 

0.9 

3.0 


T C = 25°C 


“ 

0.69 

1.6 


‘Holding Current (Gate Open) *Tq = -40°C 

>H 

- 

14 

90 

mA 

(V n = 12 V, Ijm = 200 mA) T C = 25°C 


- 

5.2 

50 


‘Gate Controlled Turn-On Time ( + t r ) 

*gt 

- 

- 

1.5 


(ITM = 41 Adc ' V D = rated V DRM. 

*GT = 40 naAdc, Rise Time ^0.05 ms, Pulse Width = 10 ms) 






Circuit Commutated Turn-Off Time 

tq 





(IjM = 10 A, l R = 10 A) 


- 

25 

- 


(ITM = 10 A, l R = 10 A, T c = 100°C) 


- 

35 

- 

■ 

Forward Voltage Application Rate 

dv/dt 

- 

50 

- 

V/ms 

(Tq = 100°C, Vq = Rated Vqri\/|) 







* I ndicates JEDEC Registered Data. 


FIGURE 1 - AVERAGE CURRENT DERATING 


FIGURE 2 - ON-STATE POWER DISSIPATION 





Tv 

1 1 1 1 

pes 2N6171 thru 2N6174 must be derated 
additional 10%. For example, in Figure 1, 
max Tc at 20 A (180° Conduction) is 70°C, 
erating of 30°C. These types must be 
rated 33°C, therefore, the allowable Tq (max) 




th 



^sN 
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de 


V 
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a 
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_ 
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2N3870 thru 2N3873, 2N3896 thru 2N3899, 2N6171 thru 2N6174 



FIGURE 3 - ON-STATE FIGURE 4 - MAXIMUM NON-REPETITIVE 

CHARACTERISTICS ISURGE CURRENT 






0.01 

0 . 






2N3980 


SILICON ANNULARt PN UNIJUNCTION TRANSISTOR 

. . . designed for military and industrial use in pulse, timing, sensing, 
and oscillator circuits. These devices feature: 

© Low Peak Point Current - 2.0 //A max 
© Fast Switching — to 1.0 MHz 
o Low Emitter Reverse Current — 10 nA max 
© Passivated Surface for Reliability and Uniformity 


PN UNIJUNCTION 
TRANSISTOR 


(1) Derate 2.4 mW/°C increase in ambient temperature. Total power dissipation (available) 
power to Emitter and Base-Two) must be limited by external circuitry. 

|(2) Capacitance discharge current must fall to 0.37 Amp within 3.0 ms and PRR <10 PPS 


MAXIMUM RATINGS (T^ = 25°C unless otherwise noted) 


Characteristic 


RMS Power Dissipation (1) 


RMS Emitter Current 


Peak Pulse Emitter Current (2) 


Emitter Reverse Voltage 


Interbase Voltage 


StorageTemperature Range 


Symbol 


P D 


V B2E 


V B2B1 


1 stg 


Rating 


360 


-65 to +200 


Amp 


Volts 


°C 


tAnnular Semiconductors Patented by Motorola Inc. 




STYLE 1 

PIN 1. EMITTER 

2. BASE 1 

3. BASE 2 CONNECTED TO CASE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

EEE1 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 


C 

4.32 

5.33 

0.170 

0.210 _ 

D 

0.41 

0.48 

0.016 

CMS 

G 

2.54 TYP 

0.100 TYP 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

n 

K 

12.70 

- 

0.500 

- 

M 

45° T 

YP 

45° TYP 

N 

1.27 TYP 

0.050 TYP 


TO 18 except for lead position 

CASE 22A-01 
(TO-18 Type) 
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2N3980 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 
(Vb 2B1 = 1° V) Note 1 

V 

0.68 

_ 

0.82 • 

- 

Interbase Resistance 

(Vb2B1 = 3.0 V, Ie = 0) 

Rbb 

4.0 

6.0 

8.0 

k ohms 

Interbase Resistance Temperature Coefficient 

(V B2B1 = 30 v ' ‘e = 0 . t a * - 65 °c to + ioo ° c ); 

aRBB 

0.4 

_ 

0.9 

%/°C 

Emitter Saturation Voltage 

< V B2B1 = 10 V, Ie = 50 mA) Note 2 

VEBHsat) 

_ 

2.5 

3.0 

Volts 

Modulated Interbase Current 
(V B2B1 = 10 V, l E = 50mA) 

, B2(mod) 

12 

15 

_ 

mA 

Emitter Reverse Current 
(V B2 e = 30V, I B1 =0) 

(V B2 E - 30 V, I B1 = 0, T A = 125°C) 

•EB20 

- 

5.0 

10 

1.0 

nA 

A<A 

Peak Point Emitter Current 
(V B2 B1=25V) 

•P 

_ 

0.6 

2.0 

At A 

Valley Point Current 

(V B 2B1 = 20 V, R B2 = 100 ohms) Note 2 

'v 

1.0 

4.0 

10 

mA 

Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

VOBI 

6.0 

8.0 

_ 

Volts 

Maximum Oscillation Frequency 
(Figure 4) 

f(max) 

1.0 

1.25 

_ 

MHz 


NOTES 

1. Intrinsic standoff ratio, 

77 , is defined by equation: 

~-. v P ~ V(EB 1 ) 

V B2B1 

Where Vp = Peak Point Emitter Voltage 
V B2B1 - Interbase Voltage 

V(ebi) = . Emitter to Base-One Junction Diode Drop 
(0.45V @ 10 jUA) 


2. Use pulse techniques: PW ~ 300 ms duty cycle <2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in ACR firing circuits and other types of pulse circuits. 


FIGURE 1 - UNIJUNCTION 
TRANSISTOR 
SYMBOL AND 
NOMENCLATURE 


FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 

(Exaggerated to Show Details) 


FIGURE 3 - Vqbi 
TEST CIRCUIT 
(Typical Relaxation Oscillator) 


FIGURE 4 - f(max) MAXIMUM 
FREQUENCY TEST CIRCUIT 
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REVERSE BLOCKING TRIODE THYRISTOR 

. . . multi-purpose PNPN silicon controlled rectifiers suited for indus- 
trial, consumer, and mulitary applications. Offered in a choice of 
space-saving, economical packages for mounting versatility. 

© Uniform Low-Level Noise-Immune Gate Triggering — 

Iqt = 10 mA (Typ) @ T C = 25°C 
® Low Forward "On" Voltage - 

v T = 1 .0 V (Typ) @ 5.0 Amp @ 25°C 
© High Surge-Current Capability - 
•TSM ~ 100 Amp Peak 
© Shorted Emitter Construction 

MAXIMUM RATINGS 

(Apply over operating temperature range and for all case types unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Teak Repetitive Forward and Reverse Blocking 

V DRM 


Volts 

Voltage (1) 2N4167, 83, 

or 

25 


2N4168, 84, 

V RRM 

50 


2N4169, 85, 


100 


2N41 70, 86, 


200 


2N4171, 87, 


300 


2N41 72, 88, 


400 


2N4173, 89, 


500 


2N41 74, 90, 


600 


Forward Current RMS 

'T(RMS) 

8.0 

Amp 

•Peak Forward Surge Current 

<TSM 

100 

Amp 

(One cycle, 60 Hz, Tj = -40 to +100°C) 




Circuit Fusing 

l 2 t 

40 

A 2 s 

(Tj = -40 to + 100°C;t^8.3 ms) 




•Peak Gate Power 

P GM 

5.0 

Watt 

•Average Gate Power 

p G(AV) 

0.5 

Watt 

•Peak Gate Current 

>GM 

2.0 

Amp 

Peak Gate Voltage (2) 

vgm 

10 

Volts 

•Operating Temperature Range 

Tj 

-40 to +100 

°C 

•Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque 


15 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Thermal Resistance, Junction to Case 

R *JC 

1.5 

2.5* 

°C/W 

Thermal Resistance, Case to Ambient 
(See Fig. 11) 2N4183-98 

R^ca 

50 

_ 

°C/W 


SILICON CONTROLLED 
RECTIFIERS 

8-AMPERE RMS 
25 thru 600 VOLTS 



STYLE 1 
PIN 1. GATE 
2. CATHODE 
STUD ANODE 


|jgk s - SEATING PLANE 
Jim 10-32 UNF-2A 


DIM 

MILLIMETERS 
~MIN 1 MAX 

INCHES 

MIN 1 MAX 

A 


11 10 

- 10 437 

c 

F 

G 

J 

K 

L 

1 78 
2 29 
1072 

- 

7 87 - 10 310 

TYP 0 070 TYP 

2 79 0 090 0.110 

11 48 0 422 0 452 

16.76 - 0 660 

1549 - 0 610 


1 DIM "G" MEASURED AT CAN. 

2N41 67—74 
CASE 86-01 


NOTES 

1 DIM ”G" MEASURED AT CAN. 

2 LEAD NO 3 ±7.5° DISPLACEMENT. 




STYLE 1 
PIN 1 GATE 
2. CATHODE 
3 ANODE 



5 97 - 0,235 

0 7 6 0 8 6 0 030 0 034 


(1 ) Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the voltage applied exceeds the rated blocking voltage. 

(2) Devices should not be operated with a positive bias applied to the gate concurrently 
with a negative potential applied to the anode. 

* Indicates JEDEC Registered Data 


2N4 183-90 
CASE 87L-G1 
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GATE CURRENT (mA) 


2N4167 thru 2N4174/2N4183 thru 2N4190 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Forward Blocking Current 

'DRM 




mA 

(Vq = Rated Vqrm @ T J = 100°C, gate open) 


- 



•Peak Reverse Blocking Current 




■ 

mA 

(Vr = Rated V RR m @ Tj = 100°C, gate open) 

- 

- 

1 


Gate Trigger Current (Continuous dc) (1) 

•gt 




mA 

(V d = 7.0 Vdc,R L = 100 ft) 


- 

10 

30 


*(V D = 7.0 Vdc, R l = 100 ft, T C = -40°C) 


- 

_ 

60 


Gate Trigger Voltage (Continuous dc) 

VGT 




Volts 

(V d = 7.0 Vdc. R l = 100 n) 


- 

0.75 

1.5 


*(V D = 7.0 Vdc, R L = 100 ft, T c = -40°C) 


_ 

- 

2.5 


*(V D = 7.0 Vdc, R L = 100 ft, Tj = 100°C) 


0.2 

- • 

- 


•Forward "On” Voltage (pulsed, 1.0 ms max, duty cycle ^1%) 

V TM 




Volts 

<I TM = 15.7A) 

- 

1.4 

2.0 


Holding Current 

'H ' 




mA 

(Vq = 7.0 Vdc, gate open) 


- 

10 

30 


*(V D = 7.0 Vdc, gate open, Tc = -40°C) 


- 


60 


Turn-On Time (tj + t r ) 

l on 

_ 

1.0 

- 

MS 

(Iq = 20 mAdc, Ip = 5.0 Adc, Vp = Rated Vdrm) 






Turn-Off Time 

toff 




MS 

(l F = 5.0 Adc. I R = 5.0 Adc) 


- 

15 



(Ip = 5.0 Adc, l R = 5.0 Adc, Tj = 100°C. V D = Rated V DRM ) 


- 

25 

- 


(dv/dt = 30 V/ms) 






Forward Voltage Application Rate (Exponential) 

dv/dt 




V/ms 

(Gate open, Tj = 100°C, Vq = Rated V^rm) 



50 

- 



(1 ) For optimum operation, i.e. faster turn-on, lower switching losses, best di/dt capability, recommended Iq-j- = 200 mA minimum. 
* Indicates JEDEC Registered Data v 


TYPICAL TRIGGER CHARACTERISTICS 


FIGURE 1 - PULSE CURRENT 
TRIGGERING 


FIGURE 2 - CAPACITIVE DISCHARGE 
TRIGGERING 



0.2 0.5 1.0 2.0 5.0 10 

t w , AVERAGE TRIGGER PULSE WIDTH (pcs) 
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■RATURE (°C) 


2N4167 thru 2N41 74/2N41 83 thru 2N4190 


CURRENT DERATING 

FIGURE 4 - MAXIMUM AMBIENT 

FIGURE 3 - MAXIMUM CASE TEMPERATURE TEMPERATURE 








HEAT SINK AREA (SQUARE INCHES) , T< INSTANTANEOUS ON-STATE CURRENT (AMP) 









Designers Data Sheet 


REVERSE BLOCKING TRIODE THYRISTOR 

. . . fast switching, high-voltage Thyristors especially designed for 
pulse modulator applications in radar and other similar equipment. 

• Guaranteed Limits on All Critical Parameters 

• High-Voltage: Vqrm = 300 to 800 Volts 

© Maximum Turn-On Times Specified — 300 to 400 ns 
© Repetitive Pulse Current to 100 Amperes 

• Stable Switching Characteristics Over an Operating 

Temperature Range From -65 to +105°C 

• Pulse Repetition Rates as High as 20,000 pps 

• Jan Versions Available 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage (1) (Tj = 105°C) 

V RRM 

50 

Volts 

•Peak Forward Blocking Voltage (1) 2N4199 

V DRM 

300 

Volts 

(T c = 105°C) 2N4200 


400 


2N4201 


500 


2N4202 


600 


2N4203 


700 


2N4204 


800 


Repetitive Peak On-State Current 

( TRM 

100 

Amp 

(PW = 3.0 ms. Duty Cycle = 0.6%, T c = 85°C) 




Continuous On-State Current (T^ = 65°C) 

'T 

5.0 

Amp 

Current Application Rate (2) 

di/dt 

5000 

A/ms 

Peak Forward Gate Power 

P GFM 

20 

Watts 

Average Forward Gate Power 

P GF(AV) 

1 

Watt 

Peak Forward Gate Current 

•gfm 

5.0 

Amp 

Peak Gate Voltage — Forward 

V GFM 

10 

Volts 

Reverse (3) 

V GRM 

10 


Operating Junction Temperature Range 

Tj 


°C 

Blocking State 


-65 to +105 


Conducting State 


-65 to +200 


Storage Temperature Range 

T stg 

-65 to +200 

°C 

Stud Torque 

- 

15 

in. lb. 


THERMAL CHARACTERISTICS , 

Characteristic Symbol Max Unit 

•Thermal Resistance, Junction to Case R 0JC 3.0 °C/W 


(1 ) Characterized for unilateral applications where reverse blocking capability is not important. 
Higher voltage units available upon request. Vqrm and Vrrm may be applied as a 
continuous dc voltage for zero or negative gate voltage but positive gate voltage must not 
be applied concurrently with a negative potential on the anode. When checking blocking 
capability, do not permit the applied voltage to exceed the rated voltage. 

(2) Minimum Gate Trigger Pulse: iQ = 200 mA, PW = 1 ms, t r = 20 ns. 

(3) Do not reverse bias gate during forward conduction if anode current exceeds 10 amperes. 

^Trademark of Motorola Inc. 

•JEDEC Registered Data 


SILICON 

CONTROLLED 

RECTIFIERS 

100 AMPERE PULSE 
300 thru 800 VOLTS 


Designers Data for 
"Worst Case" Conditions 

Thte Designers* Data Sheets per- 
mit the design of most circuits 
entirely from the information pre- 
sented. Limit curves — representing 
boundaries on device characteristics 
— are given to facilitate "worst 
case" design. 



CASE 63-03 




2N4199 thru 2N4204 


ELECTRICAL CHARACTERISTICS <Tq = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

•Peak Forward and Reverse Blocking Current 

17 

•drm 

- 

2.0 

mA 

(Rated Vqrm and Vrrnj.Tq = 105°C, gate open) 


!rRM 

- 

2.0 


Gate Trigger Current (Continuous dc) 

14 

*GT 



mA 

(Anode Voltage = 7.0 Vdc, R L = 100 ohms, T c = 25°C) 



- 

50 


* (Anode Voltage = 7.0 Vdc, R L = 1 00 ohms. T c = -65°C) 



- 

100 


Gale Trigger Voltage (Continuous dc) 

12 

V GT 



Volts 

* (Anode Voltage = rated V^r^, Rj_ = 100 ohms, Tq = 105°C) 



0.2 

- 


(Anode Voltage = 7.0 Vdc, R L = 100 ohms. T c = 25°C) 



- 

1.5 


* (Anode Voltage = 7.0 Vdc, R L = 100 ohms. T c = -65°C) 



- 

2.0 


•Holding Current 

18 

»h 



mA 

(Anode Voltage = 7.0 Vdc. gate open, Tq = 105°C) 



3.0 

- 


•Forward "On" Voltage 

8 

V TM 



Volts 

Otm = 5 Adc, PW = 1.0 ms max. Duty cycle < 1%) 



- 



•Dynamic Forward "On" Voltage 

7 

V TM 



Volts 

(0.5 ps after 50% decay paint on dynamic forward voltage waveform.) 






Forward-Current: 30 A pulse 



- 

25 


Gate Pulse: at 200 mA, PW = 1 .0 ms, t r = 20 ns 






•Turn-On Time (2) lyjyj = 30A 





ns 

Delay Time All types 

1.9 

*d 

- 

200 


Rise Time 2N4199 and 2N4200 

1, 11 

t r 

- 

200 


2N4201 



- 

150 


2N4202 



- 

130 


2N4203 and 2N4204 



- 

100 


•Pulse Turn-Off Time 

2,13 




MS 

Test Conditions: PFN discharge; Forward Current = 30 A pulse; 



- 

20 


Reverse Current = 5.0 A, Tq = 85°C, dv/dt = 250 V/ps to Rated Vqrm; 






Reverse anode voltage during turn-off interval = 0 V; 






Reverse gate bias during turn-off interval = 6.0 V. 






•Forward Voltage Application Rate (Linear Rise of Voltage) 

16 

dv/dt 



V/ps 

(Tq = 105°C, gate open, Vq = Rated Vqrm) 



250 

~ 



*Vdrm for types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. When 
checking forward or reverse blocking capability, these devices should not be tested with a constant current source in a manner that the voltage 
applied exceeds the rated blocking voltage. Other voltage units available upon request. 


TEST CIRCUITS 


FIGURE 1 - TURN-ON TIME 


FIGURE 2 - TURN-OFF TIME 


Va 



'Two 1N4937 fast-recovery diodes in series 
each shunted by a 180 kfi resistor. 
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2N4199 thru 2N4204 




FIGURE 3 - MAXIMUM ALLOWABLE FORWARD PULSE CURRENT 
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Data is based upon a peak junction temperature of 200°C. Junction temperature 
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1.0 ns 2.0 4.0 10 ns 20 40 100 ns 200 400 1.0 ps 2.0 4.0 10 jus 20 40 100 jus 200 400 1 m 


t.TIME OR PULSE WIDTH 

FIGURE 4 - DERATING USING NO SWITCHING LOSSES FIGURE 5 - DERATING USING TYPICAL SWITCHING LOSSES 
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1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

PW, PULSE WIDTH (jus) 



f, PULSE REPETITION RATE (Hz) 


DESIGN 

Use of Transient Thermal Resistance Data 

A train of periodical power pulses can be represented 
by the model shown in Fig. A. Using the model and the 
device thermal response, the normalized effective transient 
thermal resistance of Fig. 6 was calculated for various 
duty cycles from: 

r(t) = D + (1 - D) • r(tA + t p ) + r(tA) - r(t p ) 

To find 0jc(t) multiply the value obtained from Fig. 6 
by the steady-state value 0 jc (°°). Use 3°C/W for worst- 
case results; use 2°C/W for typical information. 

DESIGN EXAMPLE 

A 2N4199 discharging a PFN, transient power pulse 
shown in Fig. C. 

Conditions: Vak = 150 V., Ipj< = 44 A., f = 5000 Hz. 
Determine: AT 

Method 1 : (See Fig. A) Pa*A is chosen to have the same 
energy as the actual power pulse, i.e.: the area under the 
curves are equal. Pa equals the peak of the actual power 
pulse. At a pulse repetition frequency of 5000 Hz and 


NOTE 

Ta = 2.14 jis (D = 0.0107); the reading on Fig. 6 is 0.039. 
.’. A T =r(t) Rfljc (°°) PA = (0.039) (3) (1000) = 120°C. 

Method 2: For a power waveform where the time of 
the peak power is short compared to the total transient, 
the foregoing method results in an overly large safety 
factor. A pulse model closer to the real case is shown in 
Fig. B. Using the transient thermal resistance information 
for D = 0 in Fig. 6, A T(t 4 ) and A T (t 5 ) can be evaluated 
from 

AT|t 4 ) = [P 1 [rlT^ + d -Di) .r(T + Ti) + D-r(T)] 

+ P 2 [(1 -D 2 )-r(T) + D 2 -r(T-T 2 )]] R0JC<°°) 
A T (t 5 ) = [P, [r(T| +T 2 ) + (1 -D, ) • rIT + T! + T 2 ) 

-r(T + T 2 ) - r(T 2 )] + P 2 [r(T 2 ) + (1 - D 2 > 

* r(T + T 2 ) + D 2 - r(T)] ] Rfljc (°°) 

The two results are compared; the one with higher 
value is taken for worst-case design. For the problem, 
values for the equivalent pulses of Fig. B are P-j = 1000 W, 
P 2 - 700 W, T i = 1.05 /is, T 2 = 1.55 jus, Di = 5.25(10*3), 
D 2 = 7.75(10*3). 

( CONTINUED ) 
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r(t), NORMALIZED 0jc(O 

j T , FORWARD PULSE CURRENT (AMP) (EFFECTIVE TRANSIENT THERMAL RESISTANCE) 


2N4199 thru 2N4204 


FIGURE 6 - NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE 



t.TIME OR PULSEWIDTH 


FORWARD "ON" VOLTAGE DATA 


FIGURE 7 - TYPICAL DYNAMIC FORWARD "ON" VOLTAGE FIGURE 8 - MAXIMUM STEADY-STATE 



vy, TRANSIENT FORWARD "ON" VOLTAGE (VOLTS) v F , FORWARD "ON” VOLTAGE (VOLTS) 



FIGURE A - SIMPLE MODEL FIGURE B - MORE ACCURATE MODEL 


FIGURE C - AN ACTUAL TRANSIENT POWER PULSE 




toff, PULSE TURN OFF TIME ( P s) t, CURRENT RISE TIME (ns) td. DELAY TIME (ns) 


2N4199 thru 2N4204 


SWITCHING CHARACTERISTICS 


TRIGGERING CHARACTERISTICS 


FIGURE 9 - DELAY TIME 


FIGURE 10 - TYPICAL PULSE TRIGGER CHARGE/CURRENT 




FIGURE 12 - DC GATE TRIGGER VOLTAGE 



100 200 300 400 500 600 700 800 

Vak. ANODE-TO-CATHODE VOLTAGE (VOLTS) 



-80 -60 -40 -20 0 20 40 60 80 100 120 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 13 - TYPICAL TURN-OFF TIME 


FIGURE 14 - DC GATE TRIGGER CURRENT 




Tc, CASE TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 












2N4199 thru 2N4204 


FIGURE 15 - TYPICAL BLOCKING VOLTAGE DERATING 


FIGURE 16 - TYPICAL LINEAR dv/dt CAPABILITY 


■II 


2UU 3UU 500 700 1000 2000 3000 5000 

dv/dt, LINEAR RATE OF APPLIED VOLTAGE (V/ps) 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 

Vgk, GATE-TO-CATHODC REVERSE VOLTAGE (VOLTS) 


FIGURE 17 - FORWARD BLOCKING CURRENT 


2000i 1 

1 oool= v o = V DRM 


FIGURE 18 - HOLDING CURRENT 


- TYPICAL @Tj = 25°C- 


TYPICAL @ Tj = 105°C 




0.2 i 1 1- 

-60 -40 -20 


0 20 40 60 

Tj, JUNCTION TEMPERATURE (°C) 


-1 -2 -3 -4 

vqk, gate-to-cathode voltage (volts) 


FIGURE 19 - TYPICAL ANODE-TO-CATHODE CAPACITANCE 


FIGURE 20 - TYPICAL GATE-TO-CATHODE CAPACITANCE 

~ 240 


Mi ll 


Vak, ANODE-TO-CATHODE VOLTAGE (VOLTS) 


Vqk, GATE-TO-CATHODE VOLTAGE (VOLTS) 






2N4212 

thru 

2N4216 


REVERSE BLOCKING TRIODE THYRISTOR 


. . . all-diffused PNPN devices designed for operation in mA//iA 
signal or detection circuits. 

• Low-Level Gate Characteristics — 

Iqt =100 jiA Max @ 25°C 

• Low Holding Current — l[-jX = 3.0 mA Max @ 25°C 
© Anode Common To Case 

• Glass-to-Metal Bond for Maximum Hermetic Seal 


# MAXIMUM RATSNGS (Tj = 125°C unless otherwise noted) 


Characteristic 

Symbol 

Rating 


Peak Repetitive Forward and Reverse 

V DRM 


Volt 

Blocking Voltage 

or 



2N4212 

V RRM 

25 


2N4213 


50 


2N4214 


100 


2N4215 




2N4216 




Forward Current RMS 

*T(RMS) 

1.6 


(All Conduction Angles) 



■■ 

Peak Surge Current 

'TSM 



(One Cycle, 60 Hz) 



H H 

No Repetition until 



■ ■ 

Thermal Equilibrium 



■ 

is Restored 



mm 

Peak Gate Power — Forward 

p GFM 

0.1 

HQSSU 

Average Gate Power — Forward 

p GF(AV) 

0.01 

Watt 

Peak Gate Current — Forward 

'GFM 

0.1 

Amp 

Peak Gate Voltage — Forward 

V GFM 

6.0 

Volt 

Reverse 

Vgrm 

6.0 


Operating Junction Temperature 

Tj 

-65 to +125 

°C 

Range 




Storage Temperature Range 

T stg 

-65 to +150 

°C 

Lead Solder Temperature 


+230 

°C 

(> 1/16.. from case, 10 spc. max) 





*JEDEC Registered Values. 


SILICON CONTROLLED 
RECTIFIERS 

PNPN 

1.6 AMPERES RMS 
25-200 VOLTS 




SEATING I, - 
PLANE 

/"I 

Q t— 4— t— G 



M \/f\ 

STYLE 3: 

PIN 1. CATHODE 

2. GATE 

3. ANODE (CONNECTED TO CASE) 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

ummM 


A 

EE3 


0.350 

lilfcWil 

B 

■usu 

8.51 

0.315 

0.335 | 

C 

6.10 


■ifzni 

EM9 

D 

Ttgniii 

iilkkki 

0.016 

0.021 1 

E 

■Til'TTI 

3.18 

0.009 


F 

■ifclilri 

lilliEl 



G 

4.83 

5.33 

HfilHii 

■hMHI 

H 

0.711 



liffEEl 

J 

■3251 

1.02 

■iliWil 

liTirni 

mm 

K23Z9 


UiHilil 

- 

L 




- 

■a 

mmmm 

■GEE 

man 

p 


MEM 

- 1 0.050 

Q 

i Till TIT 

90° N0M 

R 

2.54 

- 



All JEDEC dimensionsand notes apply. 

CASE 79-02 
TO -39 


7-40 







2N4212 thru 2N4216 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted, Rqk - 1000 ohms) 


Characteristics 

Symbol 

Min 

Max 

Unit 

•Peak Forward and Reverse Blocking Current 

•drm 

- 

200 

ma 

(Rated Vdrm and Vrr M Tj = 125°C) , 

or 





IRRM 




•Forward "On" Voltage 

V TM 

- 

1.5 

Volt 

Otm " 1-0 Adc peak) 





Gate Trigger Current (Note 2) 

•gt 



liAdc 

(Vq = 7.0 V, R L = 100 ohms) 





(T c = 25°C) 


— 

100 


(T C = -65°C) 


- 

300 


Gate Trigger Voltage 

VGT 



Volt 

(V D = 7.0 V, R l = 100 ohms, T c = 25°C) 


- 

0.8 


*(V D = 7.0 V, R l = 100 ohms, T c = -65°C) 


- 

1.0 


*(V D = Rated V DRM- R l = 100 ohms, Tj - 125°C) 


0.1 

- 


Holding Current (V D = 7.0 V) T c = 25°C 

'hx 


3.0 

mA 

*T C = -65°C 



7.0 


Turn-On Time 

Ion 

Circuit dependent. 

Turn-Off Time 

toff 

consult manufacturer 


* JEDEC Registered Values 

Notes: 1. Vqrivj and Vrrm can be applied for all types on a 
continuous dc basis without incurring damage. 

2. Rqk current is not included in measurement. 


Thyristor devices shall not be tested with a constant current source 
for forward or reverse blocking capability such that the voltage applied 
exceeds the rated blocking voltage. 

Thyristor devices shall not have a positive bias applied to the gate 
concurrently with a negative potential applied to the anode. 


FIGURE 1 - CASE TEMPERATURE vs CURRENT 



ll(AV), AVERAGE ON STATE CURRENT (AMP) 


FIGURE 2 - AMBIENT TEMPERATURE vs CURRENT 



IT(AV). AVERAGE ON STATE CURRENT (AMP) 
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REVERSE BLOCKING TRIODE THYRISTORS 

. . , designed for high-volume consumer phase-control applications 
such as motor speed, temperature, and light controls and for switch- 
ing applications in ignition and starting systems, voltage regulators, 
vending machines, and lamp drivers requiring: 

• Small, Rugged, Thermopad a Construction - for Low Thermal 

Resistance, High Heat Dissipation, and Durability. 

o Practical Level Triggering and Holding Characteristics @ 25°C 
IGT = TO mA (Typ) 
lH = 6.0 mA (Typ) 

© Low "On" Voltage - V jm = 1 .0 Volt (Typ) @ 5.0 Amp @ 25°C 

• High Surge Current Rating - IjSM = 80 Amp 


MAXIMUM RATING (Tj = 100°C unless otherwise noted.) 

Rating Symbol 

Peak Repetitive Forward and Reverse V DRM 

Blocking Voltage (Notel) 2N4441 VRRM 

2N4442 
2 N 4443 

2N4444 

*Non-Repetitive Peak Reverse Blocking VrsM 

Voltage (t = 5.0 ms (max) duration) 

2N4441 


SILICON 

CONTROLLED RECTIFIERS 


8.0 AMPERES RMS 
50 thru 600 VOLTS 




"rK 


1.0:1] t L 




•RMS On-State Current 
(All Conduction Angles) 

'T(RMS) 

8.0 

Amp 

Average On-State Current, Tq = 73°C 

'T(AV) 

5.1 

Amp 

•Peak Non-Repetitive Surge Current 
(1/2 cycle, 60 Hz preceded and followed by 
rated current and voltage) 

*TSM 

80 

Amp 

Circuit Fusing 
(Tj =-40 to +100°C; 
t = 1 .0 to 8.3 ms) 

l 2 t 

25 

A 2 s 

•Peak Gate Power 

P GM 

5.0 

Watts 

•Average Gate Power 

P G(A V) 

0.5 

Watt 

•Peak Forward Gate Current 

'GM 

2.0 

Amp 

•peak Reverse Gate Voltage 

Vrgm 

10 

Volts 

•Operating Junction Temperature Range 

Tj 

-40 to +1 00 

°C 

•Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque (6-32 screw) (Note 2) 

- 

8.0 

in. lb. 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Typ Max 

Unit 

•Thermal Resistance, Junction to Case 

Rfljc 

2.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

40 

°C/W 


STYLE 1: 

PIN 1. CATHODE 

2. ANODE 

3. GATE 
NOTES: 

1. DIM "D" UNCONTROLLED IN ZONE "H" 

2. DIM "F" DIATHRU 

3. HEATSINK CONTACT AREA (BOTTOM) 

4. LEADS WITHIN 0.005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 


•Indicates JEDEC Registered Data, 
trademark of Motorola Inc. 

- Notes 1, 2,See page 2 



MILLIMETERS 

INCHES I 

DIM 

MIN MAX 

MIN 

MAX 

A 

16.13 16.38 

0.635 

0.645 

B 

12.57 12.83 

0.495 

0.505 

C 

3.18 3.43 

0.125 

0.135 

D 

1.09 1.24 

0.043 

0.049 

F 

3.51 3.76 

0.138 

0.148 

G 

4.22 BSC 

0.166 BSC 1 

H 

.2.67 2.92 

0.105 

0.115 

J 

0.813 • 0.864 

0.032 

0.034 

K 

15.11 16.38 

0.595 

0.645 

M 

9° TYP 

9° 

TYP 

Q 

R 

4.70 4.95 

1.91 2.16 

0.185 

0.195 

u 

6.22 6.48 

0.245 

0.255 

V 

2.03 

0.080 

- 

CASE 90-05 





2N4441 thru 2N4444 


ELECTRICAL CHARACTERISTICS {Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

'DRM 




mA 

(Vq = Rated VdRM,Tj = 100°C, gate open) 


- 

— 

2.0 


Peak Reverse Blocking Current 

'rrm 




mA 

(Vq = Rated Vppiyj Tj = 100°C, gate open) 


- 

” 

2.0 


Gate Trigger Current (Continuous dc) 

>GT 




mA 

(Vq = 7.0 Vdc, R L = 100 Ohms) 






T c = 25°C 


•- 

7.0 

30 


* T c = -40°C 




60 


Gate Trigger Voltage (Continuous dc) 

Vgt 




Volts 

(V D = 7.0 Vdc. R L = 100 Ohms) 






T c = 25°C 


- 

0.75 

1.5 


(Vq = 7.0 Vdc, R L = 100 Ohms) 






T C = -40°C 


_ 

- 

2.5 


(Vq = Rated VQ R |y| f Rj_ = 100 Ohms) 






Tj = 100°C 


0.2 

- 

- 


Peak On-State Voltage 

V TM 




Volts 

(Pulse Width = 1.0 to 2.0 ms. Duty Cycle <2.0%) 






OjM = 5.0 A peak) 


- 

1.0 

1.5 


* (*TM = 15.7 A peak) 


- 

- 

2.0 


Holding Current 

Ik 




mA 

(Vq = 7.0 Vdc, gate open) 






T c = 25°C 


_ 

6.0 

40 


* T C = -40°C 


- 

- 

70 


Gate Controlled Turn-On Time 

l gt 




• AS 

dTM = 5.0 A, Iqj = 20 mA, Vq = Rated VQpjyj) 



1.0 

- 


Circuit Commutated Turn-Off Time 

tq 




AS 

(Ijm = 5.0 A, l R = 5.0 A) 



15 



(l T IVI = 5.0 A, l R = 5.0 A, Tj = 100°C) 


~ 

20 

_ 


Critical Rate of Rise of Off-State Voltage 

dv/dt 




V/ms 

(Vq = Rated VQRfy^ Exponential Waveform, Tj = 100°C, 






Gate Open) 


- 

50 

~ 



* I ndicates JEDEC Registered Data 


Note 1 . Ratings apply for zero or negative gate voltage but positive 
gate voltage shall not be applied concurrently with a neg- 
ative potential on the anode. When chocking forward or 
reverse blocking capability, thyristor devices should not 
be tested with a constant current source in a manner that 
the voltage applied exceeds the rated blocking voltage. 


Note 2. Torque rating applies with use of torque washer (Shake- 
proof WD 19522 #6 or equivalent). Mounting torque in 
excess of 8 in. lbs. does not appreciably lower case-to-sink 
thermal resistance. Anode lead and heatsink contact pad 
are common. 

For soldering purposes (either terminal connection or de- 
vice mounting) t soldering temperatures shall not exceed 
+225°C. 
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IGT, GATE TRIGGER CURRENT (mA) 'TSM. PEAK SURGE CURRENT (AMP) 










2N4851 

thru 

2N4853 



SILICON UNIJUNCTION TRANSISTOR 

. . . designed for pulse and timing circuits, sensing circuits, and 
thyristor trigger circuits. \ 

© Low Peak-Point Current — Ip = 0.4 /jlA Max 
© Low Emitter Reverse Current — lEO = 50 nA Max 
© Fast Switching - 1 .0 MHz Min 


PN UNIJUNCTION 
TRANSISTORS 


"MAXIMUM RATINGS (T/y = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation (1) 

PD 

300 

mW 

RMS Emitter Current 

*e 

50 

mA 

Peak-Pulse Emitter Current (2) 

*e 

1.5 

Amp 

Emitter Reverse Voltage 

V B2E 

30 

Volts 

Interbase Voltage (3) 

V B2B1 

35 

Volts 

Operating Junction Temperature Range 

Tj 

-65 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

•Indicates JEDEC Registered Data 

(1) Derate 3.0 mW/°C increase in ambient temperature 

(2) Duty cycle < 1%, PRR = (see figure 6) 

(3) Based upon power dissipation at T/\ = 25°C 





FIGURE 1 - UNIJUNCTION 
TRANSISTOR 

SYMBOL AND NOMENCLATURE 


FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 



CUTOFF 

REGION 

Vp 


NEGATIVE 

RESISTANCE 

-J-^REGION*|— SATURATION 
REGION 

i 

i 

| EMITTER TO 
I BASE ONE 
CHARACTERISTIC 


Bl V B2B1 




— U— D 


NOTE: 

1. PIN 3 CONNECTED TO CASE. 

STYLE 1: 

PIN 1. EMITTER 

2. BASE 1 

3. BASE 2 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.41 

0.48 

0.016 

0.019 

G 

2.54 TYP 

0.100 TYP 

H 

0.91 

1.17 

0.036 

0.046 

J 

0.71 

1.22 

0.028 

0.048 

K 

12.70 

- 

0.500 

— 

M 

45° T 

YP 

45° TYP 

N 

1.27 TYP 

0.050 TYP 


CASE 22A - 01 

(TO-18 Except for Lead Position) 
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2N4851 thru 2N4853 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Rating 

Figure 

No. 

Symbol 

Min 

Typ 

Max 

Unit 

•Intrinsic Standoff Ratio (1) 

4,8 

V 




- 

(VB2B1 = 10 V) 2N4851 



0.56 

- 

0.75 


2N4852, 2N4853 



0.70 

- 

0.85 


•Interbase Resistance 

11, 12 

r BB 




k ohms 

<V B 2B1 =3.0V, l E = 0) 



4.7 

- 

9.1 


•Interbase Resistance Temperature Coefficient 

12 - 

a BB 




%/°C 

(V B2B 1 =3.0V,I E = 0 ,T a = -65 to +125°C) 



0.2 

- 

0.8 


Emitter Saturation Voltage (2) 


V EB1 (sat) 




Volts 

(V B2B 1 =10V, l E = 50mA) 



- 

2.5 

- 


Modulated Interbase Current 


<B2(mod) 




mA 

(Vb 2B1 “ 10 V, l E = 50 mA) 



- 

15 

- 


•Emitter Reverse Current 

7 

'EB20 




mA 

(V B 2E = 30V, l B i =0) 2N4851, 2N4852 



- 

_ 

0.1 


2N4853 



- 

_ 

0.05 


•Peak-Point Emitter Current 

9, 10 

Ip 




^a 

(V B 2B1 = 25 V) 2N4851 , 2N4852 



- 

- 

2.0 


2N4853 



1 

- 

0.4 


•Valley-Point Current (2) 

13, 14 

•v 




mA 

(V B2B1 =20 V,R B2 = 100 ohms) 2N4851 



2.0 

- 

- 


2N4852 



4.0 

- 

- 


2N4853 



6.0 

- 

- 


•Base-One Peak Pulse Voltage 2N4851 

3, 17 

v OB1 

3.0 

- 

- 

Volts 

2N4852 



5.0 

- 

- 


2N4853 



6.0 

- 

- 


•Maximum Frequency of Oscillation 

5 

f(max) 

1.0 

1.25 

— 

MHz 


indicates JEDEC Registered Data. 

(1) 77, Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp, by means of the equation: Vp = 77 Vg2B1 + Vp, where Vp is 
about 0.49 volt at 25°C @ Ip = 10 juA and decreases with temperature at about 2.5 mV/°C. The test circuit is shown in Figure 4. Components 
R-j, C-j, and the UJT form a relaxation oscillator; the remaining circuitry serves as a peak-voltage detector. The forward drop of Diode D-| 
compensates for Vp. To use, the "cal" button is pushed, and R3 is adjusted to make the current meter, M-j, read full scale. When the "cal" 
button is released, the value of 77 is read directly from the meter, if full scale on the meter reads 1 .0. 

(2) Use pulse techniques: PW « 300 jus, duty cycle < 2.0% to avoid internal heating, which may result in erroneous readings. 


FIGURE 3 -Vqbi FIGURE 5 - f( max ) 

TEST CIRCUIT , FIGURE 4 - 77 TEST CIRCUIT TEST CIRCUIT 


FIGURE 6 - PRR TEST CIRCUIT 
AND WAVEFORM 


V-, +10 V 




V F = 0.49 V @ I F = 1 0 MA 
l R < 2.0 juA @ V R = 20 V 


Vi 



DUTY CYCLE < 1%, PRR < 10 pps 



CURRENT WAVEFORM THRU Rt 



20-30 V 
(Adjust for 
1.5 A 

peak in R 7 ) 
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R BB( INTERBASE RESISTANCE, NORMALIZED Ip, PEAK-POINT EMITTER CURRENT ( M A) 


2N4851 thru 2N4853 


TYPICAL CHARACTERISTICS 


FIGURE 7 - EMITTER REVERSE CURRENT 


SWOPEN FOR l£B20 
SW CLOSED FOR IeB2S 


FIGURE 8 - INTRINSIC STANDOFF RATIO 






V B2B1 = 1 

1 

r~ 

V 



















— 



i r 

2N4852, 2N4853 






















2N485 






i 



— 

- 











Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9 - EFFECT OF VOLTAGE 


Tj, JUNCTION TEMPERATURE (°C) 


PEAKPOiNT CURRENT 


FIGURE 10 - EFFECT OF TEMPERATURE 




Tj = 

25°C 

























2N4851, 2N4852 






__ 2N4853 

— 

— 



0 3.0 6.0 9.Q 12 15 18 21 24 27 30 

V B2B 1, INTERBASE VOLTAGE (VOLTS) 


FIGURE 11 - EFFECT OF VOLTAGE 


24 27 30 -60 -40 -20 0 20 40 60 80 100 120 1 

Tj, JUNCTION TEMPERATURE (°C) 

INTERBASE RESISTANCE 

FIGURE 12 - EFFECT OF TEMPERATURE 


| NORMALIZED @3.0 

V 







• J-* 

Je = o 



















y 









y 

7 








> 









i 





— 

— 





7^ 

= 


— 












VB2B 

1 = 30 V 





E-u 
















7 













— 


7 

— 

— 

— 

— 

— 

— 

— 

— 

- — 








V B2B1. INTERBASE VOLTAGE (VOLTS) 


Tj, JUNCTION TEMPERATURE (°C) 








Vqbi, BASE-ONE PEAK PULSE VOLTAGE (VOLTS) Vv, VALLEY VOLTAGE (VOLTS) 


2N4851 thru 2N4853 


TYPICAL CHARACTERISTICS 
VALLEY CURRENT 



VB2B1. INTERBASE VOLTAGE (VOLTS) 


FIGURE 14 - EFFECT OF TEMPERATURE 



FIGURE 15 - EFFECT OF VOLTAGE 


VALLEY VOLTAGE 

FIGURE 16 - EFFECT OF TEMPERATURE 




FIGURE 17 - OUTPUT VOLTAGE 
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2N4870 

2N4871 


SILICON UNIJUNCTION TRANSISTORS 


. . .designed for pulse and timing circuits, sensing circuits, and 
thyristor trigger circuits. These devices feature: 


Low Peak Point Current — 1 .0 juA T ypical 
Low Emitter Reverse Current — 5.0 nA Typical 
Passivated Surface for Reliability and Uniformity 
One-Piece Injection-Molded Unibloc+ Plastic Package for 
Economy and Reliability 


MAXIMUM RATINGS (T^ = 25° unless otherwise noted) 

Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

PD* 

300 

mW 

RMS Emitter Current 

*e 

50 

mA 

Peak-Pulse Emitter Current** 

i e ** 

1.5 

Amp 

Emitter Reverse Voltage 

V B2E 

30 

Volts 

Interbase Voltaget 

v B2B1 t 

35 

Volts 

Operating Junction Temperature Range 

Tj 

-55 to +125 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 

•Derate 3.0 mW/°C increase in ambient temperature. 



**Duty cycle < 1%, PRR = 10 PPS (see Figure 5). 




tBased upon power dissipation at T/\ = 25°C. 






PN UNIJUNCTION 
TRANSISTORS 



SEATING *7 
PLANE 



STYLE 9: 

PIN 1. BASE 1 
2. EMITTER 
3 BASE 2 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.44 

5.21 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.41 

0.56 

0.016 

0.022 

F 

0.41 

0.48 

0.016 

0.019 

G 

1.14 

1.40 

0.045 

0.055 

H 

- 

2.54 

- 

0.100 

J 

2.41 

2.67 

0.095 

0.105 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2.92 

0.080 

0.115 

P 

2.92 

- 

0.115 

_ 

R 

3.43 

- 

0.135 

- 

S 

0.36 

0.41 

0.014 

0.016 


All JEDEC dimensions and notes apply. 
CASE 29-02 
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2N4870, 2N4871 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio* 

4, 7 





- 

(V B 2B1 =10V ) 2N4870 



0.56 

- 

0.75 


2N4871 



0.70 

- 

0.85 


Interbase Resistance 

10,11 

r bb 




k ohms 

(Vb2B1 ~ 3.0 V, Ip = 0) 



4.0 

6.0 

9.1 


Interbase Resistance Temperature Coefficient 

11 

<* r bb 




%/°C 

(V B 2B1 = 3.0 V, l E = 0, T A = -65 to +125°C) 



0.10 

- 

0.90 


Emitter Saturation Voltage** 


VEBI(sat)** 




Volts 

< V B2B1 “ 10 V, Ip = 50 mA) 



- 

2.5 

- 


Modulated Interbase Current 


1 R2(mod) 




mA 

(V B 2B1 = 10 V, Ip = 50 mA) 



- 

15 

- 


Emitter Reverse Current 

6 

•EB20 




MA 

(Vb2E = 30 V, Ipi - 0) 



- 

0.005 

1.0 


Peak-Point Emitter Current 

8,9 

>P 




mA 

(V B2 B1 =25V) 



- 

1.0 

5.0 


Valley-Point Current** 

12, 13 

«V‘* 




mA 

(Vb2B1 = 20 V, r b2 = 100 ohms) 2N4870 



2.0 

5.0 

- 


2N4871 



4.0 

7.0 

— 


Base-One Peak Pulse Voltage 2N4870 

3, 16 

v OB1 

3.0 

6.0 

- 

Volts 

2N4871 



5.0 

8.0 

- 



* rj. Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp, by means of the equation: V p = rj Vp2Bl + Vp, where Vp is 
about 0.49 volt at 25°C @ Ip = 10 mA and decreases with temperature at about 2.5 mV/°C. The test circuit is shown in Figure 4. Components 
R-j, C-j, and the UJT form a relaxation oscillator; the remaining circuitry serves as a peak-voltage detector. The forward drop of Diode D-j 
compensates for Vr, To use, the "cal" button is pushed, and R3 is adjusted to make the current meter, M-j, read full scale. When the "cal" 
button is released, the value of 17 is read directly from the meter, if full scale on the meter reads 1 .0. 

** Use pulse techniques: PW ^ 300 ms, duty cycle < 2.0% to avoid internal heating, which may result in erroneous readings. 


FIGURE 3 - Vqbi TEST CIRCUIT 


FIGURE 4 - v TEST CIRCUIT 


FIGURE 5 - PRR TEST CIRCUIT 
AND WAVEFORM 


Vi 



+ 10V 



DUTY CYCLE < 1% PRR,< 10 pps 
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:urrent(mA) 


2N4870, 2N4871 


TYPICAL CHARACTERISTICS 


FIGURE 6 - EMITTER REVERSE CURRENT 

30 VQ I 1 1- -JEEF 


FIGURE 7 - INTRINSIC STANDOFF RATIO 


| — sJ SW OPEN FOR l EB2 o I 

0.2 d) SW CLOSED FOR 1 EB2S - 









1 r~ 

V B2B1 = 10 v 

1 1 














" — 















- — 






■ — 








- 

- 






- — 














— 

- 













Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 


PEAK POINT CURRENT 

FIGURE 8 - EFFECT OF VOLTAGE FIGURE 9 - EFFECT OF TEMPERATURE 










V B2B1 =25V 
1 1 



'-X. 
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3.0 6.0 9.0 12 15 18 21 24 27 30 -60 -40 -20 0 20 40 60 80 100 120 

V B 2B1< INTERBASE VOLTAGE (VOLTS) Tj, JUNCTION TEMPERATURE (°C) 

INTERBASE RESISTANCE 

FIGURE 10 -EFFECT OF VOLTAGE FIGURE 1 1 - EFFECT OF TEMPERATURE 

NORMALIZED @ 3.0V ’“l V B2 B 1 = 3.o'v ^ 

r J = 25 ° c I I § i E -o I 


3.0 6.0 9.0 12 15 18 21 24 27 30 

VB2B1. INTERBASE VOLTAGE (VOLTS) 



-60 -40 -20 0 20 40 60 80 100 120 

Tj, JUNCTION TEMPERATURE (°C) 








Vqbi, BASE-ONE PEAK PULSE VOLTAGE (VOLTS) v v , VALLEY VOLTAGE (VOLTS) l Vl VALLEY POINT CURRENT (mA) 











21 

2 




SILICON UNIJUNCTION TRANSISTORS 

. . . designed for military and industrial use in pulse, timing, trigger- 
ing, sensing, and oscillator circuits. The annular process provides low 
leakage current, fast switching and low peak-point currents as well as 
outstanding reliability and uniformity. Recommended usage includes: 

© Silicon Controlled Rectifier Triggering Circuits — 2N4948 
® Long-time Delay Circuits — 2N4949 


MAXIMUM RATINGS (Ta - 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

PD 

360* 

mW 

RMS Emitter Current 

•e 

50 

mA 

Peak Pulse Emitter Current** 

'e 

1.0** 

Amp 

Emitter Reverse Voltage 

V B2E 

30 

Volts 

Storage Temperature Range 

T stg 

-65 to +200 

°C 


Derate 2.4 mW/°C increase in ambient temperature. Total power dissipation (available 
power to Emitter and Base-Two) must be limited b y external c ircuitry. Interbase voltage 
(Vb 2B1 I limited by power dissipation, Vg2B1 = n/^BB * Pd * 

Capacitance discharge current must fall to 0.37 Amp within 3.0 ms and PRR <10 PP$. 
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2N4948, 2N4949 


ELECTRICAL CHARACTERISTICS (T /\ - 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 


n 




- 

(V B 2B1 = 10 V) Note 1 

2N4948 


0.55 

- 

0.82 



2N4949 


0.74 

- 

0.86 


Interbase Resistance 


r bb 




k ohms 

,< V B2B1 = 3 -° V, Ie = 0) 

2N4948, 2N4949 


4.0 

7.0 

12.0 


Interbase Resistance Temperature Coefficient 


a R BB 




%/°C 

< V B2B1 - 3.0 V, l E - 0, T A = -65°C to +100°C) 


0.1 

- 

0.9 


Emitter Saturation Voltage 


V EB1 (sat) 




Volts 

< V B2B1 = 10 V. I E = 50 mA) Note 2 



- 

2.5 

3.0 


Modulated Interbase Current 


>B2(mod) 




mA 

<Vb 2B1 =10V, l E = 50 mA) 



12 

15 

- 


Emitter Reverse Current 


•EB20 





(Vb2E = 30 V, 1 b i = 0) 



- 

5.0 

10 

nA 

(V B 2E = 30 V, I B 1 - 0, T A = 125°C) 



- 

- 

1.0 

MA 

Peak Point Emitter Current 


'P 




mA 

(V B 2B1 =25V) 

2N4948 


- 

0.6 

2.0 



2N4949 


- 

0.6 

1.0 


Valley Point Current 


'V 




mA 

(Vb2B1 = 20 V, Rb 2 = 100 ohms) Note 2 

2N4948, 2N4949 


2.0 

4.0 

- 


Base-One Peak Pulse Voltage 


v OB1 




Volts 

(Note 3, Figure 3) 

2 N 4949 


3.0 

5.0 

- 



2N4948 


6.0 

8.0 

- 


Maximum Oscillation Frequency 


{ (max) 




MHz 

(Figure 4) 



- 

1.25 

- 



NOTES 

1. Intrinsic standoff ratio. 

Tj, is defined by equation: 

V P- V( E B1) 

V V B2B1 
Where Vp = Peak Point Emitter Voltage 
Vb 2B1 = Interbase Voltage 

V(eb 1 ) = Emitter to Base-One Junction Diode Drop 
(« 0.45 V @ 10 fiA) 


2. Use pulse techniques: PW « 300 ms duty cycle < 2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 1 - UNIJUNCTION TRANSISTOR FIGURE 2 - STATIC EMITTER 
SYMBOL AND. NOMENCLATURE CHARACTERISTICS CURVES 


FIGURE 3 - V 0B1 TEST CIRCUIT 
(Typical Relaxation Oscillator) 

I 


FIGURE 4 - F(max) MAXIMUM 
FREQUENCY TEST CIRCUIT 


(Exaggerated to Show Dotails) 
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REVERSE BLOCKING TRIODE THYRISTORS 

. . . Annular* PNPN devices designed for high volume consumer 
applications such as relay and lamp drivers, small motor controls, gate 
drivers for larger thyristors, and sensing and detection circuits. 
* Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current - 200 nA Maximum 

• Low Reverse and Forward Blocking Current — 

50 /jA Maximum, Tq = 125°C 

® Low Holding Current — 5.0 mA Maximum 
® Passivated Surface for Reliability and Uniformity 

• Also Available with TO-5 or TO-18 Lead Form 


MAXIMUM RATINGS^) 


Rating 


•Peak Repetitive Reverse Blocking Voltage (1) 
(R G K = 1 000 ohms, T c = +1 25°C) 2N5060 


On-State Current RMS 
(All Conduction Angles) 


'Average On-State Current 
(T c = 67°C) 

(T c = 102°C) 


'Peak IMon-Repetitive Surge Current, Ta = 25°C 
(1/2 cycle. Sine Wave, 60 Hz) 


Circuit Fusing Considerations, = 25°C 
(t = 1.0 to 8.3 ms) 


•Peak Gate Power, Ta = 25°C 


•Average Gate Power, Ta = 25°C 


•Peak Forward Gate Current, Ta = 25°C 
(300 #zs, 120PPS) 


•Peak Reverse Gate Voltage 


•Operating Junction Temperature Range @ Rated 
V RRM and V DRM 


•Storage Temperature Range 


•Lead Solder Temperature 

(Lead Length > 1/16” from case, 10 s Max) 


THERMAL CHARACTERISTICS 


SILICON CONTROLLED 
RECTIFIERS 


0.8 AMPERE RMS 
30 thru 200 VOLTS 



3 j U~ 

j— — *j— R 


Us 

SECT. A-A 




Characteristic 

Symbol 

Max 

Unit 

•Thermal Resistance, Junction to Case (2) 

R 0JC 

75 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

200 

■23011 


(1) Ratings apply for zero or negative gate voltage. Device ratings exclude having a 
positive bias applied to the gate concurrently with a negative potential on the anode. 
Devices should not be tested with a constant current source for forward or reverse 
blocking capability such that the voltage applied exceeds the rated blocking voltage. 

(2) This measurement is made with the case mounted "flat side down" on a hest sink 
and held in position by means of a metal clamp over the curved surface. 


♦Annular Semiconductor Patented by Motorola Inc. 
•Indicates JEDEC Registered Data. 


DIM 

MILLIMETERS 
MIN | MAX 

A 

4.32 

5.33 

n 

4.44 

5.21 

c 

3.18 

4.19 

0 

0.41 

0.56 

F 

0.41 

0.48 

G 

1.14 

1.40 

H 

_ 

2.54 

J 

2.41 

2.67 

K 

12.70 


L 

6.35 

_ 

N 

2.03 

2.92 

P 

2.92 

_ 

R 

3.43 

_ 

S 

0.36 

0.41 


All JEDEC dimensions and notes apply. 
CASE 29-02 
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2N5060 thru 2N5064 


ELECTRICAL CHARACTERISTICS (4) (Tq - 25°C unless otherwise noted) 


Characteristic j 

Symbol 

H33I 


B2SI 

Unit 

•Peak Forward Blocking Voltage (Note 1) 


VDRM 


■1 

■ 

Volts 

(T C * 125°C, Rqk = 1000 Ohms) 

2N5060 


30 





2N5061 


60 

1 




2N5062 


100 





2 N 5063 


150 

| 




2 N 5064 


200 

| 

. 1 


•Peak Forward Blocking Current 


>DRM 

- 

- 

50 

mA 

(Rated V DRM @T C - 125°C, R GK = 1000 Ohms) 







•Peak Reverse Blocking Current 


•rrm 

- 

- 



(Rated V RRM @T C = 125°C, Rqk = 1000 Ohms) 







•Forward "On" Voltage (Note 2) 


V TM 

- 

- 



(IjM - 1.2 A peak @ T A = 25°C) 







Gate Trigger Current (Continuous dc) (Note 3) 

T c = 25°C 


| 

■ 

200 


•(Anode Voltage = 7.0 Vdc, Rl, = 100 Ohms, 

T c = -65°C 



| 

350 


Rqk = 1000 Ohms) 



| 

| 



Gate Trigger Voltage (Continuous dc) 

T C - 25°C 

Vqt 

- 

|gg| 



•(Anode Voltage = 7.0 Vdc, R l = 100 Ohms) 

Tq = -65°C 


- 

| 



(Anode Voltage = Rated Vq R m, Rl = 100 Ohms) 

T C = 125°C 

v GD 

0.1 

| 



Holding Current* 

Tq = 25°C 

'H 

_ 

_ 

n 

mA 

•(Anode Voltage = 7.0 Vdc, initiating current = 20 mA 

Tq = -65°C 


- 

- 

■9 


Turn-On Time 



MM 

■| 

WM 

ps 

Delay Time 



■n 




Rise Time 



1 




OgT = 1.0 mA, Rqk - 1.0 Ohm, Vq = Rated V GR M f 


■ 

■ 

| 

| 


Forward Current = 1 .0 A, di/dt = 6.0 A /jus) 



■ 

| 

|| 


Turn-Off Time 

2N5060.2N 5061 

tq 

■ 

10 

msi 

JUS 

(Forward Current = 1.0 A pulse. Pulse Width = 50 jus, 0.1% 

2N 5062,5063,5064 



30 



Duty Cycle, di/dt = 6.0 A/ps, dv/dt = 20 V/p s, Iqj = 1.0 mA, 





i 


r GK = 1.0 k Ohm) 







Forward Voltage Application Rate 


dv/dt 

_ 

300 

_ 

V/jus 

(Rated Vqrm» r GK = 1.0 k. Exponential) 








Indicates JE DEC Registered Data. 

1. Vqrm and V RRM for all types can be applied on a continuous 
dc basis without incurring damage. Ratings apply for zero or 
negative gato voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capability, thyris- 
tor devices should not be tested with a constant current source 
in a manner that the voltage applied exceeds the rated blocking 
voltage. 


2. Forward current applied for 1.0 ms maximum duration, duty 
cycle < 1.0%. 

3. Rgk current is not included in measurement. 

4. For electrical characteristics for Gate-to-cathode resistance 
other than 1000 ohms see Motorola Bulletin EB-30. 


CURRENT DERATING 




lT(AV), AVERAGE ON-STATE CURRENT (AMP) 1 T ( A V), AVERAGE ON-STATE CURRENT (AMP) 
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2N5060 thru 2N5064 




0 0.5 1.0 1.5 2.0 2.5 

vj, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 



VO 2.0 3.0 5.0 7.0 10 20 30 ' 50 70 100 

NUMBER OF CYCLES 



0 0.1 0.2 0.3 0 4 0.5 

Ij(AV). AVERAGE ON-STATE CURRENT (AMP) 



0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

t, TIME (SECONDS) 


-58 





lH, HOLDING CURRENT (NORMALIZED) V G . ga7E TRIGGER VOLTAGE (VOLTS) 


2N5060 thru 2N5064 


TYPICAL CHARACTERISTICS 



-75 -50 -25 0 25 50 75 100 125 



Tj. JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 






2N5164 

thru 

2N5171 





REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed for industrial and consumer applications such as | 
supplies, battery chargers, temperature, motor, light and v 
controls. 

• Supplied in Either Pressfit or Stud Package 

• High Surge Current Rating - IjSM = 240 Amp 

• Low On-State Voltage - 1.2 V (Typ) @ Ijm = 20 Amp 

® Practical Level Triggering and Holding Characteristics — 

40 mA (Max) and 50 mA (Max) @ Tc = 25°C 


MAXIMUM RATINGS 


Rating 


•Peak Forward and ’Repetitive Reverse Blocking 
Voltage (1), (2) 2N5164, 2N5168 

2N5165, 2N5169 
2N5166, 2N5170 
2N5167, 2N5171 


•Non-repetitive Peak Reverse Blocking Voltage 
2N5164, 2N5168 
2N5165, 2N5169 
2N5166, 2N5170 
2N5167, 2N5171 


On-State Current RMS 


Average On-State Current 
(T C = 67°C) 


Circuit Fusing 

(Tj = -40 to +100°C, t <8.3 ms) 


•Peak Non-Repetitive Surge Current 

(One cycle, 60 Hz, Tj = -40 to +100°C) 
Preceded and followed by rated current 
and voltage. 


•Peak Gate Power 

(Maximum Pulse Width * 1 0 /is) 


10 


-40 to +1 00 


-40 to +1 50 


30 


Peak Gate Voltage 


•Operating Junction Temperature Range 


Storage Temperature Range 


Stud Torque 2N5168-2N51 71 


THERMAL CHARACTERISTICS 


Characteristic 


•Thermal Resistance, Junction to Case 

2N5164, 65, 66, 67 
2N5168. 69, 70, 71 


H) VqRM f° r *11 types can be applied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the voltage applied exceeds the rated blocking voltage. 
(^Devices should not be operated with a positive bias applied to the gate concurrent with a| 
negative potential applied to the anode. 


•Average Gate Power 

p G(AV) 

•Peak Forward Gate Current 

(Maximum Pulse Width - 1 0 ms) 

>GM 




STYLE 1: 

1. CATHODE 

2. GATE 
CASE. ANODE 



MILLIMETERS INI 

DIM MIN MAX MIN 

A 12.73 12.83 0.601 

F - 4.06 - 

G 2.16 2.41 0.085 

H 1.S2 1.78 0.060 

~i — f6r~rM~i3off 

K - 26.67 

L - 17.02 - 

0 1.40 2.16 0.055 


i 

I— A 1 




STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 


A 15.34 15.60 0.604 0.614 

8 14.00 14.20 ftSSI SSf 

C 26.67 30.23 1.050 1.190 

F 3.43 ! 4.06 0.135 1 0.160 

H 2-29 REF 0.090 REF 


I 12.73 I 12J3 I 0801 1 0-5061 

CASE 2634)3 
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|QT GATE TRIGGER CURRENT (mA) 


2N5164 thru 2N5171 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

•Peak Forward Blocking Current 

• drm 

_ 

5.0 

mA 

(Vp = Rated Vqrm @ Tj = 100°C, gate open) 





•Peak Reverse Blocking Current 

Irrm 

- 

5.0 

mA 

(Vr = Rated Vrrm @ Tj = 100°C, gate open) 





Gate Trigger Current (Continuous dc) (2) 

'gt 



mA 

(Vp = 7.0 Vdc, R L = 100 SI) 


- 

40 


*(Vp = 7.0 Vdc, R L = 100 n, T c = -40°C) 


- 

75 


Gate Trigger Voltage (Continuous dc) 

V GT 



Volts 

(Vp = 7.0 Vdc, gate open) 


- 

1.5 


*(Vp = 7.0 Vdc, R L = 100 n, T C = -40°C) 


- 

2.5 


*(Vp = Rated V drm# Rl = 100 n,Tj = 100°C' 


0.2 

- 


Peak On-State Voltage (Pulse Width = 1 .0 ms max, duty cycle ^1%) 

V TM 



Volts 

(l T M = 20A) 


- 

1.5 


*(I T M = 41 A) 


. 

1.7 


Holding Current 

'H 



mA 

(Vp = 7.0 Vdc, gate open) s 


- 

50 


*(Vp = 7.0 Vdc, gate open, Tp = -40°C) 


- 

90 




Typical 


Gate Controlled Turn-On Time (t<j + t r ) 

l gt 

1.0 

US 

(IjM = 20 A, Iqt = 40 rnAdc, Vp = Rated VpRjy]) 





Circuit Commutated Turn-Off Time 




jus 

( 1 TM = 10 A, l R = 10 A) 


20 


(l TM = 10 A, l R = 10 A, Tj - 100°C) 


30 


(Vp = Vp R |\/i = rated voltage) 





(dv/dt = 30 V//us) 





Critical Rate of Rise of Off -State Voltage 

dv/dt 

50 

V/jus 

(Vp = Rated Vp R M Exponential Wave Form, Gate open, Tj = 100°C) 






•Indicates JEDEC registered data. 


EFFECT OF TEMPERATURE UPON TYPICAL TRIGGER CHARACTERISTICS 


FIGURE 1 - GATE TRIGGER CURRENT 

20 


10 

7.0 

5.0 

3.0 

2.0 

-60 -40 -20 0 20 40 60 80 100 120 140 

Tj JUNCTION TEMPERATURE (°C) 



FIGURE 2 - GATE TRIGGER VOLTAGE 



-60 -40 -20 0 20 40 60 80 100 120 140 

T-JUNCTION TEMPERATURE (°C) 
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IQ. GATE CURRENT (AMP) IjSM, PEAK SURGE CURRENT (AMP) 


2N5164 thru 2N5171 


MAXIMUM ALLOWABLE NON-REPETITIVE SURGE CURRENT 

FIGURE 3 - 60 Hz SURGES FIGURE 4 - SUB-CYCLE SURGES 




FIGURE 5 - GATE TRIGGER 
CHARACTERISTICS 


FIGURE 6 - EFFECT OF TEMPERATURE ON 
TYPICAL HOLDING CURRENT 


- MAXIMUM ALLOWABLE FORWARD 
GATE CURRENT 



ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 
(Tc = 25°C, VaK = 7-0 V) 


0.03— 1 
0 . 02 - 


40 mA GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS @ Tj = 25°C 

MAXIMUM ALLOWABLE FORWARD 
GATE VOLTAGE Vgm = 10 VOLTS 


2.0 


T 

3.0 4.0 5.0 6.0 7.0 

Vq.GATE VOLTAGE (VOLTS) 


6.0 


8.0 



-60 -40 -20 0 20 40 60 80 100 120 140 

T-JUNCTION TEMPERATURE (°C) 






HEAT SINK AREA (SQUARE INCHES) <T. INSTANTANEOUS ON-STATE CURRENT (AMP) Tq, MAXIMUM CASE TEMPERATURE (°C) 


2N5164 thru 2N5171 


DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS (f = 60 to 400 Hz, SINE WAVE) 

FIGURE 7 - AVERAGE CURRENT DERATING FIGURE 8 - ON-STATE POWER DISSIPATION 




FIGURE 9 - ON-STATE CHARACTERISTICS 



FIGURE 10 - TYPICAL THERMAL 
RESISTANCE OF PLATES 


FIGURE 11 - MOUNTING DETAILS FOR 
PRESSFIT THYRISTORS 





.501 

.505 Dia.— (— 


Chamfer 

{ -^ [—.01 Nom. 


.01 Nom ^ 
/ Heat Sink 


•24 Heat Sink Mounting 
Rivet v 


Intimate. 
Contact Area 


Additional 
Heat Sink Plate 


Complete \ hitlChassis 
Knurl Contact 


Thin-Chassis Mounting 

The hole edge must be chamfered as shown to prevent shearing 
off the knurled edge of the rectifier during press-in. The pressing 
force should be applied evenly on the shoulder ring to avoid tilting 
or canting of the rectifier case in the hole during the pressing op- 
eration. Also, the use of a thermal joint compound will be of con- 
siderable aid. The pressing force will vary frpm 250 to 1000 
pounds, depending upon the heat sink material. Recommended 
hardnesses are: copper — less than 50 on the Rockwell F scale; 
aluminum — less than 65 on the Brinell scale. A heat sink as thin 
as 1/8” may be used, but the interface thermal resistance will in- 
crease in proportion to the reduction of contact area. A thin 
chassis requires the addition of a back-up plate. 























2N5431 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Fig. No. 

Symbol 

Min 

Max 

Unit 

Intrinsic Standoff Ratio 1 
(Vb 2B1 = 10 

4 

V 

0.72 

0.80 

“ 

Interbase Resistance 

<VB2B1 - 3.0 V, l E = 0) 


r bb 

6.0 

8.5 

kft 

Interbase Resistance Temperature Coefficient 
(VB2B1 = 3.0 V. Ip = 0, T A = 0 to 100°C) 


«Rbb 

0.4 

0.8 

%/ 6 C 

Emitter Saturation Voltage 2 
<Vb 2B1 = 10 V, l E = 50mA) 


v EB1(sat) 

_ 

3.0 

V 

Modulated Interbase Current 
(Vb2B1 = 10 v * *E = 50 mA) 


>B2(mod) 

5.0 

30 

mA 

Emitter Reverse Current 
(V B 2E = 30V, l B i - 0) 


•EB20 

_ 

10 

nA 

Peak-Point Emitter Current 
<V B 2B1 =25V) 

<Vb 2B1 = 4 -° 


•P 


0.4 

4.0 

MA 

Valley-Point Current 2 

(Vb2B1 “ 20 V, Rb 2 “ 100 ohms) 


'V 

2.0 

_ 

mA 

Base-One Peak Pulse Voltage 
(Vbb = 4.0 volts) 

3 

v OB1 

1.0 


V 


1 17, Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp # by means of the equation: Vp = i?Vb2B1 +v F, where Vp is 
about 0.45 volt at 25°C @lp * 10 mA and decreases with temperature at about 2.5 mV/°C. The test circuit is shown in Figure 4. Components 
Rl f C-| f and the UJT form a relaxation oscillator; the remaining circuitry serves as a peak-voltage detector. The forward drop of Diode 
compensates for Vp To use, the "cal" button is pushed, and R3 is adjusted to make the current meter, M-| f read full scale. When the "cal" 
button is released, the value of 17 is read directly from the meter, if full scale on the meter reads 1.0. 

2 Use pulse techniques: PW ~ 300 ms, Duty Cycle < 2.0% to avoid internal heating, which may result in erroneous readings. 


FIGURE 3 - V 0 B1 TEST CIRCUIT FIGURE 4 - rj TEST CIRCUIT FIGURE 5 - PRR TEST CIRCUIT 

AND WAVEFORM 


V 1 



MOV 


DUTY CYCLE < 1.0%, PRR < 10 PPS 




CURRENT WAVEFORM THRU R-, 
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TRIACS 




SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 
solid-state devices are needed. 

• Glass Passivated Junctions and Center Gate Fire 

• Isolated Stud for Ease of Assembly 

• Gate Triggering Guaranteed In All 4 Quadrants 


MAXIMUM RATINGS 


Rating 


Peak Repetitive Off-State Voltage 
(Tj = -65 to +1 10°C) 

1/2 Sine Wave 50 to 60 Hz, Gate Open 


Peak Principal Voltage 
2N5441, 2N5444, MAC40688 
2N5442, 2N5445, MAC40689 
2N5443, 2N5446, MAC40690 


RMS On-Stata Current 
<Tc per Fig. 2Y 
(T C -+100°C) 

Full Sine Wave, 50 to 60 Hz 


Peak Non-Repetitive Surge Current 
(One Full Cycle of surge current at 60 Hz, 
proceeded and followed by a 40 A RMS current. 
Tj ■ +110°C) 


•Peak Gate Power 

(Pulse Width - 10 ms Max) 


•Average Gate Power 


•Peak Gate Current (10 ns Max) 


•Peak Gate Voltage 


Operating Junction Temperature Range 


•Storage T emperature Range 


Stud Torque 


THERMAL CHARACTERISTICS 


Characteristic 


•Thermal Resistance, Junction to Casa 
2N5441, 2 N 5442, 2N5443 
2N5444, 2N5445, 2N5446 
MAC40888. MAC40689. MAC40690 
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2N5441 thru 2N5446, MAC4068S thru MAC40690 


ELECTRICAL CHARACTERISTICS (Tq - 25°C, and either polarity of MT2 to MT1 voltage, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

‘Peak On-State Voltage 

<DRM 

- 

0.5 

4.0 

mA 

Rated V D rm @ T j = H0°C 






‘Peak On-State Voltage 

V TM 

- 

1.65 

1.85 

Volts 

Ijm = 56 A Peak, Pulse Width <1.0 ms, Duty Cycle <2.0% 






Gate Trigger Current (1) 

Main T erminal Voltage = 12 Vdc, R j_ -- 50 Ohms 

MT2 (+), G(+) 

>GT 



70 

mA 

MT2 {+), G(-) 


- 

- 

70 


MT2 (-), G(-) 


- 

- 

70 


MT2 (-), G{+) 


- 

- 

100 


*MT2 <+), G(+); MT2 {-), G (~) T C = -65°C 


- 

- 

125 


*MT2 {+), G(~); MT2 (~), G{+) T c = -65°C 


- 

- 

240 


‘Gate Trigger Voltage 

Main Terminal Voltage = 12 Vdc, R|_ = 50 Ohms 

MT2 {+), G{+) 

V GT 



2.0 

Volts 

MT2 (+), G(-) 


- 

- 

2.0 


MT2 (-), G(~) 


- 

- 

2.0 


MT2 (-), G(+) 


- 

- 

2.5 


‘All Quadrants, Tc = -65°C) 


- 

- 

3.4 


‘Main Terminal Voltage = Rated Vqrm - R l = 10 k ohms, Tj = +1 10°C 


0.2 

- 

. - 


‘Holding Current 

«H 




mA 

Main Terminal Voltage = 12 Vdc, Gate Open 

Initiating Current = 150 mA 






T c = 25°C 


- 

- 

70 


*T C = -65°C 


- 

- 

100 


‘Turn-On Time 

'flt 

- 

1.0 

2.0 

MS 

Main Tern'iinal Voltage = Rated VpRjyj, 1-j-fV! ~56 A, 

Gate Source Voltage = 12 V, R§ = 12 Ohms, Rise Time = 0.1 ps. 

Pulse Width = 2.0 p s 







‘Critical Rate-of -Rise of Commutation Voltage 

dv/dt(c) 




V/ps 

Rated Vqrm, l-|“M = 40 A, Commutating 
di/dt = 22 A/ms, gate energized 






Tc = 70°C 2N5441, 2W 5442, 2N5443 


5.0 

30 

- 


= 65°C 2N5444, 2N5445, 2N5446 


5.0 

30 

- 


= 60°C MAC40688, MAC4G689, MAC40690 


5.0 

30 

- 


Critical Rate of Rise of Off State Voltage 

dv/dt 




V/ps 

Rated Vdrm, Exponential Voltage Rise, 






Gate Open. T C = 110°C 






2N5441, 2N5444, MAC40688 


50 




2N5442, 2N5445, MAC40689 


30 




2N5443, 2N5446, MAC40690 


20 





‘Indicates JEDEC Registered Data for 2N5441 thru 2N5446. 
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2N5441 thru 2N5446, MAC40688 thru MAC40690 


FIGURE 1 - ON-STATE POWER DISSIPATION 


FIGURE 2 - RMS CURRENT DERATING 





•a i i 1 1 1 1 1 1 i 1 1 

-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE <°C) 



-60 -40 -20 0 20 40 60 80 100 120 140 

T.|, JUNCTION TEMPERATURE (°C) 


FIGURE 5 - TYPICAL THERMAL RESPONSE 



t, TIME (ms) 
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2N5567 thru 2N5570 
T4101MJ4111M 
T4121 series 





BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
fullwave control of ac loads in applications such as light dimmers, 
power supplies, heating controls, motor controls, welding equipment 
and power switching systems. 

• All Diffused and Glass Passivated Junctions for Greater Stability 

• Pressfit, Stud and Isolated Stud Packages 

• Gate Triggering Guaranteed Sn All 4 Quadrants 


MAXIMUM RATINGS 


Rating 


Peak Repetitive Off-State Voltage 
(Tj = -65 to +100°C) 

1/2 Sine Wave 50 to 60 Hz, Gate Open 
2N55S7, 2N5569, T4121B 
2N5568, 2N5570, T4121D 
T4101M, T41 1 1M, T4121M 


•Peak Gate Voltage 


•RMS On-State Current 
T c = -B5 to +85°C 
T c = +90°C 

(Full cycle, Sine Wave, 50 to 60 Hz) 


Peak Non-Repetitive Surge Current 
(One Full cycle of surge current at 60 Hz, 
preceeded and followed by rated current, 
T c = 85°C) 


Circuit Fusing Considerations 

(T c = -65 to +85°C, t = 1.0 to 8.3 ms) 


Peak Gate Power 

*(Tq = 85°C, Pulse Width =1.0 ns) 
•Average Gate Power 

(T C = 85°C, Pulse Width = 8.3 ms) 
•Operating Junction Temperature Range 


•Storage Temperature Range 
Stud Torque 
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2N5567 thru 2N5570, T4101M, T4111M, T4121 series 


ELECTRICAL CHARACTERISTICS <T C - 25°C, and Either Polarity of MT2 to MT1 Voltage unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

‘Peak Blocking Current 

'DRM 

- 

- 

2.0 

mA 

Vq = Rated Vqrm @ Tq = 100°C 






‘Peak On-State Voltage 

V TM 

_ 

1.3 

1.65 

Volts 

Ijm = 14.2 A Peak, Pulse Width = 1 .0 to 2.0 ms, Duty Cycle^2.0% 






Gate T rigger Current, Pulse Width > 50 ms ( 1 ) 

•gt 

■j 




V D = 12 Vdc, R L = 12 Ohms 


■ ■ 



■ ■ 

MT2 (+), G (+); MT2 (-), G (-) 


jfl .. ■ 



■ ■ 

MT2 (+), G (-); MT2 (-), G (+) 



■ ■ 


■ ■ 

*MT2 (+), G (+); MT2 (-), G (-), T C = -65°C 


■ 

1' n 


■ 

*MT2 (+), G (-); MT2 (-), G (+), T c = -65°C 


1 




Gate Trigger Voltage, Continuous dc (All Quadrants) 

v GT 


1 

mmm 

Volts 

Vq = 12 Vdc, R L = 12 0hms T C = 25°C 



- 



*T C = -65°C 



- 



V D = Rated V DRM , R L = 125 fi T c = 100°C 



- 



Holding Current 

>H 



■ 

wmsam i 

Vq - 12 Vdc, Gate Open 




H 


T c = 25°C 


- 



IBB 

*T C = -65°C 


- 



■■■ 

Gate Controlled Turn-On Time 

*gt 

- 

1.0 

2.5 

MS 

Vq = Rated Vqrm, l-fM = 15 A Peak, 






*GT = 1®® mA, *^ lse Time = 0.1 ms, Pulse Width = 2.0 ms 






MT2 ( + ), G (+); MT2 (-), G (-) 






‘Critical Rate-of-Rise of Commutation Voltage 

dv/dt(c) 




— 

Vq = Rated Vqrm, Ijm = 14.2 A Peak, Commutating 





■ 

di/dt = 5.4 A/ms, gate unenergized 






T c = 85° C 




- 

■ 

Critical Rate-of-Rise of Off-State Voltage 

dv/dt 




V/ms 

Vq = Rated Vqrm, Exponential Voltage Rise, Gate Open, 






T C = 100°C: 



- 



‘2N5567, ‘2N5569, T4121B 


30 

150 

- 


‘2N5568, ‘2N5570, T4121D 


20 

100 

- 


T4101M,T4111M,T4121M 


10 

75 

- 



‘Indicates JEDEC Registered Data. 

( 1) All Voltage polarity reference to main terminal 1. 


7-71 



























Vgt, GATE TRIGGER VOLTAGE (VOLTS) PO(AV), AVERAGE POWER DISSIPATION (WATTS) T c, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 






r{t). TRANSIENT THERMAL 

RESISTANCE (NORMALIZED) ijM. INSTANTANEOUS ON STATE CURRENT (AMP) 


2N5567 thru 2N5570, T4101M, T4111M, T4121 series 


FIGURE 7 - ON-STATE CHARACTERISTICS 




-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9 - MAXIMUM NON-REPETITIVE SURGE CURRENT 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


vjm, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


NUMBER OF CYCLES 


FIGURE 10 - TYPICAL THERMAL RESPONSE 
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2N5571 thru 2N5574 
2N6145 thru 2N6147 
T4100MJ4110M 




SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled solid- 
state devices are needed. 

• All Diffused and Glass Passivated Junctions for Greater Stability 

• Pressfit, Stud and Isolated Stud Packages 

© Gate Triggering Guaranteed In All 4 Quadrants 


TRIACS 


MAXIMUM RATINGS 

Rating 

*Peak Repetitive Off-State Voltage 
(Tj = -65 to +100°C) 

1 12 Sine Wave 50 to 60 Hz, Gate Open 
2N5571, 2N5573, 2N6145 
2N5572, 2N5574, 2N6146 
T4100M, T41 10M, 2N6147 


Symbol Value 

V DRM 


RMS On-State Current 
(T C = -65 to +80°C) 

(T C = +85°C) 

'T(RMS) 

Peak Non-Repetittve Surge Current 
(One Full cycle of surge current at 60 Hz, 
preceeded and followed by rated current, 

T C = +80°C) 

'tsm 

Circuit Fusing 

<T C = -65 to +80°C, t = 1 .0 to 8.3 ms) 

l^t 

Peak Gate Power 

*(T C = 80°C, Pulse Width = 1 .0 ps) 

2N5571 thru 2N5574 

T4100M, T4110M 
*(T C = 80° C, Pulse Width = 2.0 ps) 

2N6145 thru 2N6147 

P GM 

Average Gate Power 
(T C = +80°C, Pulse Width = 8.3 ms) 

P G(AV) 


yrtllKHU'IWiH 

immii n ii i . i M i 


•Storage Temperature Range 


Stud Torque 

•2N5573, 2N5574, T41 10M 
•2N6145, 2N6146, 2N6147 


THERMAL CHARACTERISTICS 


Characteristic 


•Thermal Resistance. Junction to Case 
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2N5571 thru 2N5574, 2N6145 thru 2N6147, T4100M, T4110M 


ELECTRICAL CHARACTERISTICS (Tc ~ 25°C, and either polarity of MT2 to MT1 voltage unless otherwise noted) 


Characteristic 


Min 

Typ 

Max 

Unit 

"Peak Blocking Current 

>DRM 




mA 

V D = Rated V DRM @ T c = 100°C 



- 

2.0 


•Peak On-State Voltage 





mm\ 

IjM = 21 A Peak, Pulse Width = 1 .0 to 2.0 ms. Duty Cycle <2.0% 



1.3 


Mil 

Gate Trigger Current, Continuous dc (1) 

'GT 




mA 

V D = 12 Vdc, R L = 30 ohms 






MT2 {+), G(+); MT2(~), G(-) 


- 

- 

50 


MT2 (+), G <— > ; MT2M, G(+) 


- 

- 

80 


*MT2 (+), G(+); MT2(-), G(-), T C = -65°C 


- 

- 

150 


*MT2 (+), G(-); MT2(-),G(+),T C -65°C 


- 

- 



Gate Trigger Voltage, Continuous dc (All Quadrants) 

V GT 




Volts 

V D = 12 Vdc, R L = 30 ohms 






T C = 25°C 


- 

- 

2.5 


*T C = -65°C 


- 

- 

4.0 


*V D = Rated V 0RM , R(_ = 10 k ohms, T c = +100°C 


0.2 

- 

- 


Holding Current 

«H 




mA 

Vq = 1 2 Vdc, Gate Open 






Initiating Current = 500 mA 






T C = 25°C 


- 

- 

75 


*T C - -65°C 


- 

- 

300 


Gate Controlled Turn-On Time 

*gt 




MS 

Rated Vq R (^, ! ~ 21 A Peak, 


- 

1 .0 

2.0 


Iqj =160 mA, Rise Time^ 0.1 ps, Pulse Width = 2.0 ms 






•Critical Rate-of-Rise of Commutation Voltage 

dv/dt(c) 

- 



V/M s 

Rated V q R ^ , l-p jyj = 21 A Peak, Commutating 






di/dt = 8.0 A/ms, gate unenergized 






T C = 80°C 2N5571 thru 2N5574, T4100M, T4110M 


2.0 

10 

- 


T C = 75°C 2N61 45 thru 2N61 47 


2.0 

10 

- 


Critical Rate-of-Rise of Off -State Voltage 

dv/dt 




V/ms 

Rated V[) R «^', Exponential Voltage Rise, Gate Open, 






T c = 100°C: 






’2N5571, 2N5573, 2N6145 


30 

150 

- 


•2N5572, 2N5574, 2N6146 


20 

100 

- 


T4100M, T4110M, 2N6147 


10 

75 

- 



"Indicates JEDEC Registered Data. 

{ 1 ) A H Voltage polarity reference to main terminal 1 . 
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Vgt, GATE TRIGGER VOLTAGE (VOLTS) 


2N5571 thru 2N5574, 2N6145 thru 2N6147, T4100M, T4110M, 


FIGURE 1 - RMS CURRENT DERATING 


FIGURE 2 - ON-STATE POWER DISSIPATION 




"T1 



WKESMl 

HHBamm 


X ' 




\ 





N 

V \ 



Jx, 



X 


• CONDUCTION ANGLE 

2.0 4.0 6.0 8.0 10 12 14 16 

IT(RMS). RMS ON-STATE CURRENT (AMP) 


CONDUCTION ANGLE 



2.0 4.0 6.0 8.0 10 


lT(RMS). RMS ON-STATE CURRENT (AMP) 


FIGURE 3 - TYPICAL GATE TRIGGER VOLTAGE 

1 T T T T | 1 1 T 

OFF-STATE VOLTAGE = 12 V- 


QUADRANTS 2 


‘3- 


0 20 40 60 80 100 120 140 

Tj ( JUNCTION TEMPERATURE (°C) 


FIGURE 4 - TYPICAL GATE TRIGGER CURRENT 

' t^j 1 i r - 1 

^ OFF-STATE VOLTAGE = 12 V- 









x 





j 


[quadrant J 


_ 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj JUNCTION TEMPERATURE (°C) 







2N5571 thru 2N5574, 2N6145 thru 2N6147, T4100M, T41 10M 


FIGURE 5 - MAXIMUM ON-STATE CHARACTERISTICS 



VJM. MAXIMUM INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


NUMBER OF CYCLES 


FIGURE 8 - TYPICAL THERMAL RESPONSE 
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21 




SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. . . designed to enable the engineer to “program" unijunction char- 
acteristics such as Rbb* V. I V. and Ip by merely selecting two resistor 
values. Application includes thyristor-trigger, oscillator, pulse and 
timing circuits. These devices may also be used in special thyristor 
applications due to the availability of an anode gate. Supplied in an 
inexpensive TO-92 plastic package for high-volume requirements, this 
package is readily adaptable for use in automatic insertion equipment. 

® Programmable — RgB» I V ar, d Ip- 

© Low On-State Voltage — 1.5 Volts Maximum @ I p = 50 mA 
® Low Gate to Anode Leakage Current — 10 nA Maximum 
® High Peak Output Voltage - 1 1 Volts Typical 
© Low Offset Voltage — 0.35 Volt Typical (Rq = 10 k ohms) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

# Power Dissipation 

PF 

300 

mW 

Derate Above 25°C 

1/0JA 

4.0 

mW/°C 

*DC Forward Anode Current 

>T 

150 

mA . 

Derate Above 25°C 


2.67 

mA/°C 

*DC Gate Current 

>G 

±50 

mA 

Repetitive Peak Forward Current 

•trm 



100 ms Pulse Widfh, 1 .0% Duty Cycle 


1.0 

Amp 

* 20 ms Pulse Width, 1 .0% Duty Cycle 


2.0 

Amp 

Non-Repetitive Peak Forward Current 

'tsm 

5.0 

Amp 

10 ms Pulse Width 




• Gate to Cathode Forward Voltage 

V GKF 

40 

Volt 

* Gate to Cathode Reverse Voltage 

V GKR 

-5.0 

Volt 

* Gate to Anode Reverse Voltage 

V GAR 

40 

Volt 

•Anode to Cathode Voltage (1) 

V AK 

± 40 

Volt 

Operating Junction Temperature Range 

Tj 

-50 to +100 

°C 

• Storage Temperature Range 

T stg 

-55 to +150 

°C 


' Indicates JEDEC Registered Data 
(1) Anode positive, Rqk = 1000 ohms 
Anode negative, Rqk ~ open 
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2N6027, 2N6028 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 


Figure 

Symbol 

Min 

Typ 

Max 

Unit 

♦Peak Current 


2,9,11 

<P 




PA 

(V S = 10 Vdc, R G = 1.0 MSI) 

2N6027 



, - 

1.25 

2.0 



2N6028 



- 

0.08 

0.15 


(Vg =10 Vdc, Rq = 10 k ohms) 

2N6027 



_ 

4.0 

5.0 



2N6028 



- 

0.70 

1.0 


♦Offset Voltage 


1 

v T 




Volts 

(V S = 10 Vdc, R g = 1.0 MSi) 

2N6027 



0.2 

0.70 

1.6 



2N6028 



0.2 

0.50 

0.6 


(Vs = 10 Vdc, Rq = 10 k ohms) 

(Both Types) 



0.2 

0.35 

0.6 


’Valley Current 


1,4,5, 

'V 




mA 

(Vs = 10 Vdc, R g = 1.0 MJ2) 

2N6027 



- 

18 

50 



2N6028 



- 

18 

25 


(V S = 10 Vdc, R G = 10 k ohms) 

2N6027 



70 

270 




2N6028 



25 

270 



(V s = 10 Vdc, R g = 200 Ohms) 

2N6027 



1.5 

_ 


mA 


2N6028 



1.0 

- 

- 


* Gate to Anode Leakage Current 


- 

'GAO 




nAdc 

(V s = 40 Vdc, T a = 25°C, Cathode Open) 




- 

1.0 

10 


(V S = 40 Vdc, T a = 75°C, Cathode Open) 




- 

3.0 

_ 


Gate to Cathode Leakage Current 


- 

•gks 

_ 

5.0 

50 

nAdc 

(Vs = 40 Vdc, Anode to Cathode Shorted) 








♦Forward Voltage (Ip = 50 mA Peak) 


1,6 

Vf 

- 

08 

1.5 

Volts 

* Peak Output Voltage 


3,7 

Vo 

6.0 

11 

- 

Volts 

(V B = 20 Vdc, C C = 0.2 juF) 








Pulse Voltage Rise Time 


3 

tr 

- 

40 

80 

ns 

(V B = 20 Vdc, C C = 0.2 juF) 









‘Indicates JEDEC Registered Data 


FIGURE 1 - ELECTRICAL CHARACTERIZATION 



1A — Programmable Unijunction 
with "Program" Resistors 
R 1 and R2* 


R 1 

R 1 + R2 



IB — Equivalent Test Circuit for 
Figure 1A used for electrical 
characteristics testing 
(also see Figure 2) 



1C — Electrical Characteristics 


'A 


FIGURE 2 - PEAK CURRENT (l P ) TEST CIRCUIT FIGURE 3 - V Q AND t r TEST CIRCUIT 
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Vf, PEAK FORWARD VOLTAGE (VOLTS) . Iv, VALLEY CURRENT (jiA) 


2N6027, 2N6028 


TYPICAL VALLEY CURRENT BEHAVIOR 



5.0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 - EFFECT OF TEMPERATURE 



-50 -25 0 +25 +50 +75 +100 

Ta, AMBIENT TEMPERATURE (°C) 



FIGURE 6 - FORWARD VOLTAGE 
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FIGURE 7 - PEAK OUTPUT VOLTAGE 



B2 



B 1 


Circuit Symbol 


FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 
STANDARD UNIJUNCTION 



Equivalent Circuit 



Typical Application 



Circuit Symbol 


PROGRAMMABLE UNIJUNCTION 



with External "Program" 
Resistors R 1 and R2 
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Ip, PEAK CURRENT (pA) . Ip, PEAK CURRENT (pA) 


2N6027, 2N6028 


TYPICAL PEAK CURRENT BEHAVIOR 
2N6027 


FIGURE 9 - EFFECT OF SUPPLY VOLTAGE AND R G 



5.0 . 10 15 20 


Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 - EFFECT OF TEMPERATURE AND Rq 



2N6028 



5.0 10 15 20 

Vs, SUPPLY V0 LTAGE (VOLTS) 


FIGURE 12 - EFFECT OF TEMPERATURE AND R G 



-50 -25 0 +25 +50 +75 +100 


Ta, AMBIENT TEMPERATURE (°C) 



7-81 




2n6068,A,B (SILICON) 

thru 


2n6075 / A,B 



g 



O MT1 


l G 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as light 
dimmers, motor controls, heating controls and power supplies; or wherever 
full-wave silicon gate controlled solid-state devices are needed. Triac type 
thyristors switch from a blocking to a conducting state for either polarity 
of applied anode voltage with positive or negative gate triggering. 

® Sensitive Gate Triggering (A and B versions) Uniquely Compatible for 
Direct Coupling to TTL, HTL, CMOS and Operational Amplifier 
Integrated Circuit Logic Functions. 

• Gate Triggering 2 Mode - 2N6068 thru 2N6075 

4 Mode - 2N6068A,B thru 2N6075A,B 

• Blocking Voltages to 600 Volts 

® All Diffused and Glass Passivated Junctions for Greater Parameter Uni- 
formity and Stability 

® Small, Rugged, Thermopad Construction for Low Thermal Resistance, 
High Heat Dissipation and Durability 


MAXIMUM RATINGS 


Rating 


Value 


*Repetitive Peak Off-State Voltage, Note 1 

VDRM 


Volts 

(Tj = 110°C) 2N6068 ,A,B 


25 


2N6069 ,A,B 


50 


2N6070 ,A,B 


100 


2N6071 ,A,B 


200 


2N6072 ,A,B 


300 


2N6073 ,A,B 


400 


2N6074 ,A,B 


500 


2N6075 ,A,B 


600 


*On-State Current RMS (Tq = 85°C) 


4.0 

Amp 

*Peak Surge Current 



Amp 

(One Full cycle, 60 Hz, Tj = -40 to +1 10°C) 

■Nil 



Circuit Fusing Considerations 

|2 t 

3.6 


(Tj = -40 to +1 10°C, t = 1 .0 to 8.3 ms) 




*Peak Gate Power 

P GM 

10 


•Average Gate Power 

Bifirow 

0.5 


*Peak Gate Voltage 

V GM 

5.0 

Volts 

"Operating Junction Temperature Range 

TJ 

-40 to +110 

°C 

"Storage Temperature Range 

T stq 

-40 to +150 

°c 

Mounting Torque (6-32 Screw), Note 2 

- 

8.0 

in. lb. 

THERMAL CHARACTERISTICS 

) 



Characteristic 


Max 

Unit 

"Thermal Resistance,, Junction to Case 

R0JC 

3.5 

°C/W 

Thermal Resistance, Case to Ambient 

R0CA 

60 

°C/W 


* Indicates JEDEC Registered Data 

NOTES: 


1. Ratings apply for open gate conditions. Thyristor devices shall not be 
tested with a constant current source for blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 

2. Torque rating applies with use of torque washer (Shakeproof WD 19523 
or equivalent). Mounting torque in excess of 6 in. lb. does not appreci- 
ably lower case-to-sink thermal resistance. Main terminal 2 and heat- 
sink contact pad are common. 

For soldering purposes (either terminal connection or device mounting), 
soldering temperatures shall not exceed +200°C, for 10 seconds. Con- 
sult factory for lead bending options. 


SENSITIVE GATE 

TRIACS 

(THYRISTORS) 

4 AMPERES RMS 
25 THRU 600 VOLTS 




c 2. MT2 

"T 3. GATE 





■HEfl 




H! 

Mfe Hi 


i ;l <- 31 


B 

6.86 

8.38 

HWllM 


C 

■W:l 

■*!<■ 

■ilitfil 

OEM 

D 


BE1 

■HW 


F 

WE El 

■clunl 

■mu 

oibi 

G 

HUB 


BSC 

J 

MEJ 

0.64 

0.015 

0.025 

K 


16.64 

0.595 

0.655 

Q 


4.45 

0.130 

0.175 

S 

mm 

0.89 

0.025 

0.035 

U 

3.81 N0M 

0.150 N0M 


CASE 77-02 
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2N6068,A,B thru 2N6075,A,B (continued) 


ELECTRICAL CHARACTERISTICS (T c - 2S°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Blocking Current (Either Direction) 

•drm 

- 

- 

2.0 

mA 

Rated Vqrm @ Tj = 1 10°C, Gate Open 






*On-State Voltage (Either Direction) 

V TM 

- 

- 

2.0 

Volts 

ITM = 6.0 A Peak 






•Peak Gate Trigger Voltage 

V GTM 




Volts 

Main Terminal Voltage =12 Vdc, R[_ = 100 Ohms, Tj = -40°C 






MT2 (+), G(+); MT2 {-), G(-) All Types 


- 

1.4 

2.5 


MT2 (+), G(-); MT2 (-), G(+) 2N60S8A.B thru 2N6075A,B 


- 

1.4 

2.5 


Main Terminal Vo!tage= Rated Vqrm< r L~ 10k ohms.Tj = 110°C 






MT2 (+), G(-r); MT2 (-), G(-) All Types 


0.2 

- 

- 


MT2 (+), G(-); MT2 (-). G(+) 2N6G68A.B thru 2N6075A.B 


0.2 

- 

- 


•Holding Current (Either Direction) 

>H 




mA 

Main Terminal Voltage = 12 Vdc, Gate Open, Tj = -40°C 






Initiating Current =1.0 Adc 






2N6068 thru 2N6075 


- 

- 

70 


2N6068A.B thru 2N6075A.B 


- 

- 

30 


Tj = 25°C 2N6068 thru 2N6075 


- 

- 

30 


2N6068A.B thru 2N6075A,B 


- 

- 

15 


Turn-On Time (Either Direction) 

ton 

- 

1.5 

- 

ps 

ITM = 14 Adc, Iqt = 1Q 0 mAdc 






Blocking Voltage Application Rate at Commutation 

dv/dt 

- 

5.0 

- 

V//is 

@ Vdrm* Tj = 85°C, Gate Open 








QUADRANT 
(See Definition Below) 

* Peak Gate Trigger Current 

Main Terminal Voltage = 12 Vdc, R[_ = 100 ohms 

Maximum Value 

Type 

•gtm 

©Tj 

1 

mA 

II 

mA 

III 

mA 

IV 

mA 

2N6068 

thru 

2N6075 

+25°C 

30 

- 

30 


-40°C 

60 

- 

60 

- 

2N6068A 

thru 

2N6075A 

+25°C 

5.0 

5.0 

5.0 

10 

-40°C 

20 

20 

20 

30 

2N60S8B 

thru 

2N6075B 

+25°C 

3.0 

3.0 

3.0 

5.0 

-40°C 

15 

15 j 

15 

20 


•Indicates JEDEC Registered Data. 


SAMPLE APPLICATION: 
TTL-SENSITIVE GATE 4 AMPERE TRIAC 
TRIGGERS IN MODES II AND II! 



QUADRANT DEFINITIONS 


QUADRANT II 


QUADRANT I 


QUADRANT III 


QUADRANT IV 


Trigger device* are recommended lor gating on Tnacs They provide 

1 Consistent predictable turn-on points 

2 Simplified circuitry 

3 Fast turn on time tor cooler, more efficient 
and reliable operation 

For 2N6068 Thru 2N6075 


ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 


USAGE 

General 

Lamp Dimmer 

PART NUMBER 

MBS4991 

MBS4992 

MBS100 

v s 

60 - 10 V 

7 5 - 9 0 V 

3 0 - 5 0 V 

's 

350 „ A Ma* 

120 uA Max 

100 400 uA 

Vsi - v s2 

0 S V Max 

0 2V Max 

0 35 V Max 

Temperature 

Coefficient 

0 02%/°C Typ j 


See AN 62S for Theory and Characteristics of Silicon Bidirectional Switches 


SENSITIVE GATE LOGIC REFERENCE 
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ZejCWJRANS'ENTTHERMAL IMPEDANCE (°C/W) ITM. ON-STATE CURRENT (AMP) 


2N6068,A,B thru 2N6075,A,B (continued) 


FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS 



FIGURE 8 - TYPICAL HOLDING CURRENT 



-60 -40 -20 0 20 40 60 80 100 120 140 


Tj, JUNCTION TEMPERATURE (°C) 



1.0 2.0 3.0 4.0 5.0 7.0 10 


NUMBER OF FULL CYCLES 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 


t, TIME (ms) 
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2N6116 2N6117 

2N6118 

(FORMERLY MPU231, MPU232, MPU233) 


A O* 



SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 


. . . designed to enable the engineer to "program” unijunction 
characteristics such as RgB* Iv* anci IP by merely selecting two 
resistor values. Application includes thyristor-triggor, oscillator, pulse 
and timing circuits. These devices may also be used in special 
thyristor applications due to the availability of an anode gate. 


Programmable - ^qb>V> 'V and Ip 
Hermetic TO-18 Package 

Low On-State Voltage — 1.5 Volts Maximum @ Ip = 50 mA 
Low Gate to Anode Leakage Current — 5.0 nA Maximum 
High Peak Output Voltage ~ 16 Volts Typical 
Low Offset Voltage - 0.35 Volt Typical (Rq = 10 k ohms) 


^MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Repetitive Peak Forward Current 

■trm 



100 jus Pulse Width, 1.0% Duty Cycle 


1.0 

Amp 

20 ms Pulse Width, 1 .0% Duty Cycle 


2.0 

Amp 

Non-Repetitive Peak Forward Current 

! tsm 

5.0 

Amp 

10 ms Pulse Width 




DC Forward Anode Current 

>t 

200 

mA 

Derate Above 25°C 


'2.0 

mA/°C 

DC Gate Current 

•g 

+ 20 

mA 

Gate to Cathode Forward Voltage 

V GKF 

40 

Volt 

Gate to Cathode Reverse Voltage 

V GKR 

5.0 s 

Volt 

Gate to Anode Reverse Voltage 

V GAR 

40 

Volt 

Anode to Cathode Voltage 

yak 

±40 

Volt 

Forward Power Dissipation @T^ = 25°C 

p f 

250 

mW 

Derate Above 25°C 

V«ja 

2.5 

mW/°C 

Operating Junction Temperature Range 

Tj 

-55 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

* Indicates JE DEC Registered Data 


SILICON 

PROGRAMMABLE UNIJUNCTION 
TRANSISTORS 
40 VOLTS 
250 mW 




DIM 

"MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4.95 

0.178 

0.195 

C 

4.32 

5.33 

0.170 

0.210 

0 

0.406 

0.533 

0.016 

r 0.021 

E 

_ 

0.762 

- 

0.030 

F 

0.406 

0.4B3 

0.016 

0.019 

G 

2.54 BSC 

0.100 

BSC 

H 

0.914 

ITT? 

0.036 

0.046 

J 

0.711 

1.22 

0.028 

0.048 

K 

12.70 

- 

IiT 

- 

L 

6.35 

- 

0.250 


M 

45° BSC 

45°“ 

BSC 

N 

1.27 BSC 

0.050 BSC 

P 

~ - 1 1.27 

- | 0.050 


All JEDEC notes and dimensions apply. 


CASE 22-03 
(TO-18) 
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2N6116, 2N6117. 2N6118 


* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Offset Voltage 2N6116 

1 

v T 

0.2 

0.70 

1.6 

Volts 

(V S = 10 Vdc, R G = 1.0 Mn) 2N6117 



0.2 

0.50 

0.6 


2N6118 



0.2 

0.40 

0.6 


(Vs = 10 Vdc, Rq = 10 k ohms) All Types 



0.2 

0.35 

0.6 


Gate to Anode Leakage Current 

- 

•gao 




nAdc 

(V S = 40 Vdc. T A = 25°C, Cathode Open) 



- 

1.0 

5.0 


(Vs = 40 Vdc, T a = 75°C, Cathode Open) 



- 

30 

75 


Gate to Cathode Leakage Current 

- 

•gks 

- 

5.0 

50 

nAdc 

(Vs = 40 Vdc, Anode to Cathode .Shorted) 







Peak Current 2N6116 

2,9-14 

Ip 

- 

1.25 

2.0 

MA 

(V S = 10 Vdc, R G = lOMft) 2N6117 



- 

0.19 

0.3 


2N6118 



- 

0.08 

0.15 


(V S = 10 Vdc, R G = 10 k ohms) 2N6116 



' - < 

4.0 

5.0 


2N6117 



- 

1.20 

2.0 


2N6118 



- 

0.70 

1.0 


Valley Current 

1,4,5 

'V 




mA 

(V s = 10 Vdc, R G = 1.0 MO) 2N6116, 2N6117 



- 

18 

50 


2N6118 



- 

18 

25 


(V s = 10 Vdc, R G = 10 k ohms) 2N6116 



70 

270 

- 


2N6117, 2N6118 



50 

270 

- 


Forward Voltage (Ip = 50 mA Peak) 

1,6 

V T 

- 

0.8 

1.5 

Volts 

Peak Output Voltage 

3,7 

Vo 

6.0 

16 

_ 

Volts 

(V B = 20 Vdc, C c = 0.2 nF) 







Pulse Voltage Rise Time 

3 

V 

_ 

40 

80 

ns 

(V B = 20 Vdc, C C = 0.2 pF) 








•Indicates JEDEC Registered Data 


FIGURE 1 - ELECTRICAL CHARACTERIZATION 




1A - PROGRAMMABLE UNIJUNCTION IB - EQUIVALENT TEST CIRCUIT FOR 

WITH “PROGRAM" RESISTORS FIGURE 1 A USED FOR ELECTRICAL 

R1 and R2 CHARACTERISTICS TESTING 

(ALSO SEE FIGURE 2) 



1C - ELECTRICAL CHARACTERISTICS 


FIGURE 2 - PEAK CURRENT (Ip) TEST CIRCUIT 


FIGURE 3 - V D AND t r TEST CIRCUIT 




7-87 






Vf. PEAK FORWARD VOLTAGE (VOLTS) lv. VALLEY CURRENT (pA) 


2N6116, 2N6117, 2N6118 


TYPICAL VALLEY CURRENT BEHAVIOR 


FIGURE 4 - EFFECT OF SUPPLY VOLTAGE 



5.0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 - EFFECT OF TEMPERATURE 




FIGURE 7 - PEAK OUTPUT VOLTAGE 


0.2 0.5 1.0 2.0 

If. peak FORWARD CURRENT (AMP) 




FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 
STANDARD UNIJUNCTION 
9 B2 

m 

= R1 + R2 


CIRCUIT SYMBOL 




CIRCUIT SYMBOL 


R1 

, n= R1 + R2 


EQUIVALENT CIRCUIT 
PROGRAMMABLE UNIJUNCTION 


:rt 

c UJT ‘ 


_!xt^ 



' ^c 

rbi ; 


ms 


TYPICAL APPLICATION 


A 

N_ 
P_ 
N 


' r B b = R1 + R2 
R1 

77 “ R1 + R2 




o B1 

EQUIVALENT CIRCUIT 
WITH EXTERNAL "PROGRAM” 
RESISTORS R1 and R2 



f R1 


TYPICAL APPLICATION 
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PEAK CURRENT (/jA) . Ip, PEAK CURRENT (pA) I Ip, PEAK CURRENT (pA) 


2N6116, 2N6117, 2N6118 


TYPICAL PEAK CURRENT BEHAVIOR 



V's, SUPPLY VOLTAGE (VOLTS) 


2N6116 


FIGURE 10 - EFFECT OF TEMPERATURE AND R G 



-75 -50 -25 0 +25 +50 +75 +100 +125 


Ta.AMBIENTTEMPERATURE(°C) 


2N6117 



5 0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 12.- EFFECT OF TEMPERATURE AND R G 



2N6118 



5.0 10 15 20 


Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 14 - EFFECT OF TEMPERATURE AND R G 



-75 -50 -25 0 +25 +50 +75 +100 +125 

T a. AMBIENT TEMPERATURE (°C) 
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2n61 51 (SILICON) 

thru 

2n6156 


0 B=r^ 


SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triactype thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• All Diffused and Passivated Junctions for Greater Parameter Uni- 

formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two (2N6154, 2N6155, 2N6156) 

or Four Modes (2N6151, 2N6152, 2N6153) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

* Repetitive Peak Off-State Voltage, Note 1 

V DRM 


Volts 

(Tj = -40 to +100°C) 

Vt Sine Wave 50 to 60 Hz, Gate Open 

Peak Principle Voltage 




2N6151, 2N6154 


200 


2N6152, 2N6155 


400 


2N6153, 2N6156 

_ 

600 


*Peak Gate Voltage 

V GM 

10 

Volts 

*On-State Current RMS (Tq = -40 to +75°C) 

'T(RMS) 

10 

Amp 

Full Cycle Sine Wave 50 to 60 Hz (T c = +90°C) 

5.0 


*Peak Surge Current 

■tsm 

100 

Amp 

(One Full Cycle, 60 Hz, Tj = +75°C) 
preceded and followed by 10 A Current 




Circuite Fusing Considerations 

|2 t 

40 

A2s 

(T j = -40 to + 1 00°C, t = 1 .0 to 8.3 ms) 




*Peak Gate Power (Tj = +75°C, Pulse Width = 2.0 jus) 

P GM 

20 

Watts 

•Average Gate Power (Tj = +75°C, t = 8.3 ms) 

P G(AV) 

0.5 

Watt 

•Peak Gate Current 

>GM 

2.0 

Amp 

•Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

•Storage Temperature Range 

T stg 

-40 to +150 

°C 

•Mounting Torque (6-32 Screw), Note 2 

- 

8.0 

in. lb 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

* Thermal Resistance, Junction to Case 

R0JC 

2.0 

°C/W 

Thermal Resistance Case to Ambient 

R0 CA 

50 

°c/w 

•Indicates JEDEC Registered Data. 


TRIACS 

(THYRISTORS) 

10 AMPERES RMS 




DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

D£ffl 

12.83 

0.495 

0.505 

C 

Kftiil 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.2 

BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° 

TYP 

90 TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

1 6.22 

6.48 

0.245 

0.255 


CASE 90-05 
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2N6151 thru 2N8156 (continued) 


ELECTRICAL CHARACTERISTICS (Tc = 25° unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Blocking Current (Either Direction) 

'drm 

- 

- 

2.0 

mA 

Rated Vqrm @ Tj = 100°C, Gate Open 






*On-State Voltage (Either Direction) 

VTM 

_ 

1.3 

1.8 

Volts 

*TM = 14 A Peak; Pulse Width = 1 .0 to 2.0 ms. Duty Cycle <2.0 % 






Gate Trigger Current, Continuous dc • 

>gt 




mA 

Main Terminal Voltage = 12 Vdc, R(_ = 100 Ohms 

Minimum Gate Pulse Width = 2.0 ms 






MT2 (+), G(+) All Types 


- 

6.0 

50 


MT2 (+), G(-) 2N6151 thru 2N6153 


- 

6.0 

75 


MT2 (-), G(-) All Types 


- 

10 

50 


MT2 (-), G(+) 2N6151 thru 2N6153 


- 

25 

75 


# MT2 (+), G(+); MT2 (-), G(-) T C = -40°C All Types 


- 

- 

100 


*MT2 (+), G(-); MT2 (-), G(+) T C = -40°C 2N6151 thru 2N6153 


- 

- 

125 


Gate Trigger Voltage, Continuous dc 

V GT 

■ ■ 



Volts 

Main Terminal Voltage = 12 Vdc, Rj_ = 100 Ohms 

Minimum Gate Pulse Width = 2.0 ms 


ili 




MT2 (+), G(+) All Types 


1 

0.9 

2.0 


MT2 (+). G(-) 2N6151 thru 2N6153 



0.9 

2.5 


MT2 (-), G(-) All Types 



1.1 

2.0 


MT2 (-), G(+) 2N6151 thru 2N6153 


■■ 

1.4 

2.5 


*MT2 (+), G(+); MT2 (-), G(-) T c = -40°C All Types 


■■ 

- 

2.5 


*MT2 (+), G(-); MT2 (-), G(+) T C = -40°C 2N6151 thru 2N6153 



- 

3.0 


Main Terminal Voltage = Rated Vqrm, Rl = 10 k ohms, Tj = 100°C 
*MT2 (+), G(+); MT2 (-), G(-) All Types 


n 




*MT2 (+), G(-); MT2 (-), G(+) 2N6151 thru 2N6153 



- 

- 


Holding Current (Either Direction) 

•h 





Main Terminal Voltage = 12 Vdc, Gate Open, 1 T C = 25°C 


- 

6.0 



Initiating Current = 200 mA / Tn = -40°C 


- 

- 



*Turn-On Time 

tgt 

- 

1.5 

2.0 

MS 

Main Terminal Voltage = Rated Vdrm , 1 TM = 14 A 

Gate Source Voltage = 12 V, R$ = 100 Ohms, Rise Time = 0.1 ms. 

Pulse Width = 2.0 ns 






Blocking Voltage Application Rate at Commutation, f = 60 Hz,Tq = 75°C 

dv/dt 

- 

5.0 

- 

V/ms 

On-State Conditions: 

1 





'TM = 14 A, Pulse Width = 4.0 ms, di/dt = 5.3 A/ms 






Off-State Conditions: 






Main Terminal Voltage = Rated Vqrm (200 ms min). 

Gate Source Voltage = 0 V, R§ = 100 ft 







* I ndicates JED EC Registered Data 


NOTES: 

1 . Ratings apply for open gate conditions. Thyristor devices shall not be tested with a constant current source for blocking capability such 
that the voltage applied exceeds the rated block ing voltage. 

2. Torque rating applies with use of torque washer (Shakeproof WD19522 #6 or equivalent). Mounting torque in excess of 8 in. lbs. does not 
appreciably lower case-to-sink thermal resistance. Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device mounting), soldering temperatures shall not exceed +230°C. 


Trigger devices are recommended for gating on Triacs 
Triggers Provide: 

1. Consistent predictable turn-on points. 

2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and reliable operation. 


Electrical Characteristics For General Usage 

For Lamp Dimmer 

Symbol 

MBS4991 

MBS4992 

MBS 100 

v s “ 

6.0-10 V 

7.5— 9.0 V 

3.0— 5.0 V 

'S = 

350 mA Max 

120 mA Max 

100-400 mA 

V S1“ V S2 =: 

0.5 V Max 

0.2 V Max 

0.35 V Max 

Temperature Coefficient = 0.02%/°C Typ j 


See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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AVERAGE POWER (WATTS) Tc. CASE TEMPERATURE (°C) 


2N6151 thru 2N6156 (continued) 


FIGURE 1 - AVERAGE CURRENT DERATING 



lT(AV), AVERAGE ON-STATE CURRENT (AMP) 


FIGURE 3 - POWER DISSIPATION 



FIGURE 5 - TYPICAL GATE TRIGGER VOLTAGE 



-40 -20 0 20 40 60 80 1 


Tj, JUNCTION TEMPERATURE (OC) 


ER (WATTS) 


FIGURE 2 - RMS CURRENT DERATING 




0 0 2.0 4.0 6.0 8.0 10 

IT(RMS). RMS ON-STATE CURRENT (AMP) 


FIGURE 6 - TYPICAL GATE TRIGGER CURRENT 
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2N6151 thru 2N6156 (continued) 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

VjM, ON-STATE VOLTAGE (VOLTS) 


FIGURE 8 - TYPICAL HOLDING CURRENT 




1.0 2.0 3.0 5.0 7.0 10 

NUMBER OF FULL CYCLES 



FIGURE 10 - THERMAL RESPONSE 
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2 N 615 T 

thru 

2 N 6165 


mt? n 

/■n RATI 


IVI 1 1 

^>G 

f — ~ 1 


SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 
solid-state devices are needed. 

© Glass Passivated Junctions and Center Gate Fire 
• Isolated Stud for Ease of Assembly 
® Gate Triggering Guaranteed In All 4 Quadrants 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

*Peak Repetitive Off-State Voltage 

VdRM 


Volts 

(Tj = -65 to +125°C) 

1 /2 Sine Wave 50 to 60 Hz, Gate Open 




•Peak Principal Voltage 




2N6157, 2N6160, 2N6163 


200 


2N6158, 2N6161, 2N6164 


400 


2N6159, 2N6162, 2N6165 


600 


•Peak Gate Voltage 

VGM 

10 

Volts 

*RMS On-State Current ' 

'T(RMS) 


Amp 

(T c - -65 to +85°C) 


30 


(T c = +100°C) 

Full Sine Wave, 50 to 60 Hz 


20 


*Peak Non-Repetitive Surge Current 

•tsm 

250 

Amp 

(One Full Cycle of surge current 
at 60 Hz, preceeded and fol- 
lowed by a 30 ARMS current, 

Tj = +125°C) 




Circuit Fusing Considerations 

|2 t 

210 

a2 s 

(Tj = -65 to +125°C, 




t = 1.0 to 8.3 ms) 




•Peak Gate Power 

PGM 

20 

Watts 

(Tj = +80°C, Pulse Width = 2.0 ms) 



HMBI 

•Average Gate Power 


0.5 

■ 

(Tj = +80°C, t = 8.3 ms) 

■KM 1 


BjBW 

•Peak Gate Current 


2.0 


•Operating Junction Temperature Range 

ss 

-65 to +125 


•Storage Temperature Range 


-65 to +150 

HH3H 

•Stud Torque 

2N6160 thru 2N6165 

-- 

30 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

•Thermal Resistance, Junction to Case 


1.0 

°C/W 


'Indicates JEDEC Registered Data. 


TRIACS 


30 AMPERES RMS 
200-600 VOLTS 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

KIM 

MAX 

A 

12.73 

12.83 

0 501 

0.505 

F 

- 

4.0S 

- 

0.160 

G 

2.16 

2.41 

0035 

"Ol53r 

H 

1.52 

1.78 

0.060 

0.070 

J 

_7 62_j 

8.89 

0 300 

0.355” 

K 


26.67 

~ 

1.050 

l" 


17.02 

- 

0676 

Q 

1.40 

2.16 

0055 

0.085 


CASE 310-01 



2N6160-62 

STYLE 2: 

PIN 1. MT 1 

2. GATE 

3. MT2 



DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

Mill 

MAX 

A 

15.34 

15.60 

0.654 

0.614 


14 00 

14.20 

0551 

0.559 


28.67 

30.23 

1.050 

1.190 

F 

3.43 

Hi 06 

0.135 

0160 

H 

2.2S 

REF 

0.090 REF 

J 

10.67 

11.56 

0.420 

0.455 

K 

15.75 

I 17.02 

5820 

0.670 

L 

7.62 

| 8 89 

~53C{i' 

“5355 

Q 

n 

1.40 
— TE! 

I 2.16 

i REF 

0.055 

0.06 

5555 

sir 

T 

12.73 

1 12.83 

55011 0.505 


CASE 263-03 



DIM 

MILLIM 

ETERS 

INCHES | 

■ ‘II.E 

rTii 

■MUM 

■'t.va 

A 


■EOT 

nai 


B 

imu 



HOT 

C 


32 51 

- 

■WOT 

F 


4.06 

- 

HOT 

G 


241 

0 035 

MUiL-M 

II 

■i*il 

EOT 

0063 

HOT 

J 


Kma 

i'tKil 

HOT 

K 

Ml»l 

EOT 


■ESI 

L 

ET!1 

EOT 

0.255 

HOT 

Q 

■ES 

EOT 

T'H-1 

■tuOT 

T 

EEJ 

eth 

Tim 

■ilOT 


CASE 311-01 
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2N6157 thru 2IM6165 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

* Peak Blocking Current (Either Direction) 

•drm 

- 

- 

2.0 

mA 

Rated V DRM @ Tj = 125°C 






•Peak On-State Voltage (Either Direction) 

V TM 

- 

1.5 

2.0 

Volts 

ITM = 42 'A Peak, Pulse Width = 1 .0 to 2.0 ms. Duty Cycled 2.0 % 






Gate Trigger Current, Continuous dc (1) 

Main Terminal Voltage = 12 Vdc, R|_ = 50 Ohms 

MT2 {+), G(+) 

•gt 


15 

60 

mA 


MT2 (+), G(-) 


- 

20 

70 


MT2 (-), G(-) 


- 

20 

70 


MT2 (-), G(+) 


- 


100 


*MT2 (+), G(+); MT2 {-), G(-) T C = -65°C 


- 

- 



*MT2 (+), G(-); MT2 (-), G(+) T c = -65°C 


- 

- 

250 


Gate Trigger Voltage, Continuous dc 

Main Terminal Voltage = 12 Vdc, R(_ = 50 Ohms 

MT2 (+), G(+) 

VgT 


0.8 

2.0 

Volts 


MT2 (+), G(-) 



0.7 

2.1 


MT2 (-), G(-) 


- 

0.85 

2.1 


MT2 (-), G(+) 


- 

1.1 

2.5 


•All Quadrants, T c = -65°C) 



- 

3.4 


•Main Terminal Voltage = Rated V^rm, R(_ = 10 k ohms, Tj = +125°C 


20 

- 

- 


Holding Current 

«H 




mA 

Main Terminal Voltage =12 Vdc, Gate Open 

Initiating Current = 500 mA 






MT2 (+) 


- 

8 

70 


MT2 (-) 


- 

10 

80 


•Either Direction, Tq = -65°C 


- 

- 

200 


*Turn-OnTime 


- 

1.0 

2.0 

MS 

Main Terminal Voltage = Rated Vqrm, I-j-M = 42 A, 

Gate Source Voltage = 12 V, Rg^ 50 Ohms, Rise Time = 0.1 fis. 

Pulse Width = 2.0 ps 







Blocking Voltage Application Rate at Commutation, f = 60 Hz,T q = 85°C 

dv/dt(c) 

- 

5.0 

- 


'On-State Conditions: 

Itm = 42A, Pulse Width = 4.0 ms, di/dt = 17.5 A/ms 

Off State Conditions: 






Main Terminal Voltage = Rated Vdrm (200 ps min). 

Gate Source Voltage = 0 V, R§ = 50 H 







•Indicates JE DEC Registered Data. 

(D All voltage polarity reference to main terminal 1. 



FIGURE 1 - RMS CURRENT DERATING 


FIGURE 2 - POWER DISSIPATION 



IT(RMS). RMS ON-STATE CURRENT (AMP) 


IT(RMS), RMS ON-STATE CURRENT (AMP) 













2N6157 thru 2N6165 


FIGURE 3 - TYPICAL GATE TRIGGER VOLTAGE 


FIGURE 5 - MAXIMUM ON-STATE CHARACTERISTICS 


OFF-STATE VOLTAGE = 12 V 


VF/Jk 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 4 - TYPICAL GATE TRIGGER CURRENT 


-OFF-STATE VOLTAGE = 12 V 


mi 




T.|, JUNCTION TEMPERATURE (°C) 


VTM, MAXIMUM INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


FIGURE 6 - TYPICAL HOLDING CURRENT 


FIGURE 7 - MAXIMUM ALLOWABLE SURGE CURRENT 
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r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


2N6157 thru 2N6165 


FIGURE 8 - TYPICAL THERMAL RESPONSE 
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2N6167 

thru 

2N6170 


REVERSE BLOCKING TRIODE THYRISTOR 


. . . designed for industrial and consumer applications such as power 
supplies; battery chargers; temperature, motor, light and welder con- 
trols. 

® Economical for a Wide Range of Uses 

• High Surge Current - IjsM = 240 Amp 

• Rugged Construction in Isolated Stud Package 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

*Peak Repetitive Forward and Reverse 

V DRM 


Volts 

Blocking Voltage (1 ) 

V RRM 



(Tj = -40°C to +100°C) 




J 2N6167 


100 


2N6168 


200 


2N6169 


400 


2N6170 


600 


*Non-Repetitive Peak Reverse 

Vrsm 


Volts 

Blocking Voltage (t ^5.0 ms) 




2N6167 


150 


2N6168 


250 


2N6169 


450 


2N6170 


650 


“Average Forward Current 

'T(AV) 


Amp 

(T c = -40 to +65°C) 


13 


(+85°C) 


6.5 


•Peak Surge Current 

•tsm 


Amp 

(One cycle, 60 Hz) (T c = +65°C) 


240 


(1.5 ms pulse @Tj = 100°C 


560 


Preceeded and followed by no current 




or Voltage 




Circuit Fusing 

|2 t 

235 

a2 s 

(Tj = -40 to +100°C) (t= 1.0 to 8.3 ms) 




•Peak Gate Power 

P GM 

5.0 

Watts 

•Average Gate Power 

P G(AV) 

0.5 

Watt 

•Peak Forward Gate Current 

•gfm 

2.0 

Amp 

•Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

•Storage Temperature Range 

T stg 

-40 to +150 

°C 

•Stud Torque 

- 

30 

in. lb. 

"THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.5 

°C/W 


* Indicates JEDEC Registered Data. 


(1) Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias 
applied to the gate concurrently with a negative potential on the anode. Devices should 
not be tested with a constant current source for forward or reverse blocking capability 
such that the voltage applied exceeds the rated blocking voltage. 


SILICON CONTROLLED 
RECTIFIER 


20 AMPERES RMS 
100-600 VOLTS 




DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

14.00 

14.20 

0.551 

0.559 

B 

12.73 

12.83 

0.501 

0.505 

C 

- 

32.51 

- 

1.280 

F 

- 

4.06 

- 

0.160 

G 

2.16 

2.41 

0.085 

0.095 

H 

1.60 

2.01 

0.063 

0.079 

J 

10.67 

11.56 

0.420 

0.455 

K 

7.62 

8.89 

0.300 

0.350 

L 

6.48 

6.99 

0.255 

0.275 

Q 

1.40 

2.16 

0.055 

0.085 

T 

3.43 

3.81 

0.135 

0.150 


CASE 311-01 
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2N6167 thru 2N6170 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Forward Blocking Current 

! drm 




mA 

(V[) = Rated Vqrm, gate open, Tj = 100°C) 






2N6167 


- 

1.0 

2.0 


2N6168 


- 

1.0 

2.5 

/ 

2N6169 


- 

1.0 

3.0 


2N6170 


- 

1.0 

4.0 


•Peak Reverse Blocking Current 

•rrm 




mA 

(Vr = Rated Vrrm, gate open, Tj = 100°C) 




2N61S7 


- 

1.0 

2.0 


2N6168 


- 

1.0 

2.5 


2N6169 


- 

1.0 

3.0 


2N6170 


- 

1.0 

4.0 


•Peak Forward "On" Voltage 

V TM 

- 

1.5 

1.7 

Volts 

(IjM - 41 A Peak) 






Gate Trigger Current, Continuous dc *Tq - -40°C 

'GT 

- 

- 

75 

mA 

(V D = 12 V, R l = 24 S2) T C = 25°C 


- 

2.1 

40 


Gate Trigger Voltage, Continuous dc 

V GT 




Volts 

(V D = 12 V, R L = 24H) *T c = -40°C 


- 

0.8 

2.5 


T c = 25°C 


- 

0.63 

1.6 


Holding Current *Tq = -40°C 

'H 

_ 


90 

mA 

(Vq = 12 V, gate open, Tc = 25°C 


- 

3.5 

50 


l T = 200 mAi 

! 





*Turn-On Time (t^ + t r ) 

ton 


_ 

1.0 

MS 

(ITM = 41 A dc, Vq = Rated Vqr^ 

IqX ~ 200 mAdc, RiseTime ^ 0.05 jus. Pulse Width = 10 jus) 






Turn-Off Time 

toff 




MS 

(IjM = 10 A, l R = 10 A) 


- 

25 

- 


(l T M - 10 A, 1 r = 10 A, Tj = 100°C) 


- 

40 

' - 


Forward Voltage Application Rate 

dv/dt 

- 

50 

_ 

V/ M s 

(Tj = 100°C, V D = Rated V DRM ) 






* I ndicates JEDEC Registered Data. 



0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 


Ij(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 2 - POWER DISSIPATION 



7-99 









IH, HOLDING CURRENT (mA) l gt> GATE TRIGGER CURRENT (mA) 


2N6167 thru 2N6170 


FIGURE 7 - TYPICAL GATE TRIGGER 
CURRENT 


FIGURE 8 -TYPICAL GATE TRIGGER 
VOLTAGE 
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-60 -40 -20 0 20 40 60 80 100 120 140 


Tj, JUNCTION TEMPERATURE (°C) 


Tj ( JUNCTION TEMPERATURE (°C) 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 
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2N6236 

thru 

2N6241 


AO — °° 


REVERSE BLOCKING TRIODE THYRISTORS 

. . . PNPN devices designed for high volume consumer applications 
such as temperature, light, and speed control; process and remote 
control, and warning systems where reliability of operation is 
important. 

• Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Triggering and Holding Characteristics 

• Flat, Rugged, Thermopad A Construction for Low Thermal Resist- 
ance, High Heat Dissipation and Durability 

® Recommended Electrical Replacement for C 106 


MAXIMUM RATINGS (Tq = 110°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

•Repetitive Peak Forward and Reverse 

V DRM 


Volts 

Blocking Voltage (Note 1) 




(1/2 Sine Wave) 2N6236 


30 


(Rqk = 1000 ohms, 2N6237 

VrrM 

50 


T c = -40 to +1 1 0°C) 2N6238 


100 


2N6239 


200 


2N6240 


400 


2N6241 


600 


*Non-Repetitive Peak Reverse Blocking Voltage 

VRSM 


Volts 

(1/2 Sine Wave, 2N6236 


50 


Rqk = 1 000 ohms, 2N6237 


100 


T C = -40to+110°C) 2N6238 


150 


2N6239 


250 


2N6240 


450 


2N6241 


650 


•Average On-State Current 

'T(AV) 


Amp 

(T c = -40 to +90°C) 


2.6 


(T c = +100°C) 


1.6 


•Surge On-State Current 

■tsm 


Amp 

(1/2 Sine Wave, 60Hz,T c = +90°C) 


25 


(1/2 Sine Wave, 1.5 ms, T C = +90°C) 


35 


Circuit Fusing 

|2 t 

2.6 

A 2 s 

(T c = -40 to 1 10°C, t = 1 .0 to 8.3 ms) 




•Peak Gate Power 

P GM 

0.5 

Watts 

(Pulse Width = 10 ms, T C = 90°C) 




•Average Gate Power 

P G (A V) 

0.1 

Watt 

(t = 8.3 ms, T c = 90°C) 




Peak Forward Gate Current 

'GM 

0.2 

Amp 

Peak Reverse Gate Voltage > 

Vrgm 

6.0 

Volts 

•Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

•Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque 

- 

6.0 

in. lb 

(Note 2) 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

•Thermal Resistance, Junction 
to Case 

R flJC 

- 

3.0 

°C/W 

Thermal Resistance Junction 
to Ambient 

r 0JA 

- 

75 

°c/w 


‘Indicates JEDEC Registered Data, 
trademark of Motorola Inc. 


SILICON CONTROLLED 
RECTIFIERS 

4.0 AMPERES RMS 
30 thru 600 VOLTS 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3 18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

' K 

15.11 

16.64 

0.595 

0 655 

M 

3' 

TYP 

3° TYP | 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 


0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
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2N6236 thru 2N6241 


ELECTRICAL CHARACTERISTICS (Tc = 25°C and Rqk = 1000 ohms unless otherwise noted) 


Characteristics 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Forward Blocking Current (Note 1) 

■drm 




MA 

(Rated V DRM , T C = 1 10°C) 


- 

- 

200 


•Peak Reverse Blocking Current (Note 1) 

>RRM 




mA 

(Rated V rr m, Tc = 1 10°C) 


“ 

- 

200 


•Peak Forward "On" Voltage 

V TM 




Volts 

Otm = 8.2 A Peak, Pulse Width = 1 to 2 ms, 2% Duty Cycle) 


- 

- 

2.2 


Gate Trigger Current (Continuous dc) (Note 3) 

•gt 




juA 

(V A k 12 Vdc, R L = 24 Ohms) 


- 

- 

200 


*(V AK = 12 Vdc. R L = 24 Ohms, T c = -40°C) 


- 

- 

500 


Gate Trigger Voltage (Continuous dc) 

V G T 




Volts 

(Source Voltage = 1 2 V, Rg = 50 Ohms) 






*(V AK = 1 2 Vdc, R L = 24 Ohms, T c = -40°C) 

l 

- 

- 

1.0 


Gate Non-Trigger Voltage 

V GD 




Volts 

(V A « - Rated Vq R |\/|, R |_ = 100 Ohms, Tc = 1 10°C) 


0.2 

- 

- 


Holding Current 

•h 




mA 

(V AK = 12 Vdc, l G T= 2.0 mA) T c = 25°C 


- 

- 

5.0 


•(Initiating On-State Current = 200 mA) Tc = -40°C 


- 

- 

10 


•Total Turn-On Time 

x gt 




MS 

(Source Voltage = 12 V, Rg = 6.0 k Ohms) 


- 

- 

2.0 


Otm = 8.2 A, Iqt = 2.0 mA, Rated Vd R m) 






(Rise Time = 20 ns. Pulse Width = 10 jus) 






Forward Voltage Application Rate 

dv/dt 




V/m s 

< V D = V DRM' T C‘ U0°CI 


- 

10 

- 



•Indicates JEDEC Registered Data 


NOTES: 

1. Ratings apply for zero or negative gate voltage. Devices shall 
not have a positive bias applied to the gate concurrently with a 
negative potential on the anode. Devices should not be tested 
with a constant current source for forward or reverse blocking 
capability such that the voltage applied exceeds the rated 
blocking voltage. 


2. Torque rating applies with use of torque washer ("Shakeproof 
WD19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. 
Anode lead and heatsink contact pad are common. (See 
AN-290 B) 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +225°C. 
For optimum results, an activated flux (oxide removing) is 
recommended. 


3. Measurement does not include Rqk current. 

CURRENT DERATING 



lT(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 2 - MAXIMUM AMBIENT TEMPERATURE 
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2N6342 thru 2N6349 
MAC 220 series 
MAC 221 series 





m 6g 


BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

© Blocking Voltage to 800 Volts 

• All Diffused and Glass Passivated Junctions for Greater 

Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt* Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 
© Gate Triggering Guaranteed in Two Modes (2N6342, 2N6343, 
2N6344, 2N6345, MAC220 Series) or Four Modes (2N6346, 
2N6347, 2N6348,2N6349,MAC221 Series) 

© For 400 Hz Operation, Consult Factory 
© 1 2 Ampere Devices Available as 2N6342A thru 2N6349A 


TRIACS 


8 AMPERES RMS 
50-800 VOLTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

•Peak Repetitive Off-State Voltage 

V DRM 


Volts 

(Tj = -40 to +100°C) 




Vi Sine Wave 50 to 60 Hz, Gate Open 




MAC220-2,MAC221-2 


50 


MAC220-3,MAC221 -3 


100 


2N6342,2N6346 


200 


MAC220-5,MAC221-5 


300 


2N6343.2N6347 


400 


MAC220-7,MAC221 -7 


500 


2N6344.2N6348 


600 


MAC220-9,MAC221-9 


700 


2N6345,2N6349 


800 


•RMS On-State Current (Tq = +80°C) 

'T(RMS) 

8.0 

Amp 

Full Cycle Sine Wave 50 to 60 Hz (T c = +90°C) 


4.0 


•Peak Non-Repetitive Surge Current 

•tsm 

100 

Amp 

(One Full Cycle, 60 Hz. Tj = +80°C) 




preceded and followed by 10 Rated Current 




Circuit Fusing 

|2 t 

40 

A2s 

(Tj = -40 to +100°C, t = 1 .0 to 8.3 ms) 




•Peak Gate Power CTc= +80°C, Pulse Width = 2.0 ms) 

P GM 

20 

Watts 

•Average Gate Power (Tc = +80°C, t = 8.3 ms) 

P G(AV) 

0.5 

Watt 

•Peak Gate Current 

*GM 

2.0 

Amp 

•Peak Gate Voltage 

V GM 

10 

Volts 

•Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

•Storage Temperature Range 

T stg 

-40 to + 1 50 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

* Thermal Resistance, Junction to Case 

R6, JC 

2.2 

°C/W 


'Indicates JEDEC Registered Data. 
^Trademark of Motorola Inc. 


SEATING 

PLANE 


Vr 

— S 

— c 

i \\ 

T 

A 

1 . 

■N ^ 

t 

K 

1 

b== 

J 

-1 

L 

Ju 


STYLE 2: 

PIN 1. MAIN TERMINAL 1 

2. MAIN TERMINAL 2 

3. GATE 

4. MAIN TERMINAL 2 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 

D 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 

_ 

6.35 

- 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

1270 

14.27 

0.500 

0.562 

_L 

1.14 

1 . 73J 

0.045 

0.070 

N 

4.83 

5.33/ 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

B 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO-220 AB 

All JEDEC dimensions and notes apply 
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TC, CASE TEMPERATURE (°C) 


2N6342 thru 2N6349, MAC220 series, MAC221 series 




ELECTRICAL CHARACTERISTICS (Tc = 25°C, and Either Polarity of MT2 to MT1 Voltage, unless otherwise noted) 


Characteristic 


•Peak Off-State Current 

Vq - Rated Vqrm @ Tj = 100°C, Gate Open 


•Peak On-State Voltage 

•tM = 1 1 A Peak; Pulse Width = 1.0 to 2.0 ms. Duty Cycle ^2.0 % 


Gate Trigger Current, Continuous dc 
V D = 12 Vdc, R L = 100 Ohms 
Minimum Gate Pulse Width = 2.0 ps 
MT2 (+). G(+) All Types 
MT2 (+), G(-) 2N6346 thru 49,MAC221 
MT2 (-), G(-) All Types 
MT2 (-), G(+) 2N6346 thru 49.MAC221 

*MT2 <+), G(+); MT2 (-), G(-) T c = -40°C All Types 

•MT2 (+), G(-); MT2 (-), G(+) T c = -40°C 2N6346 thru 49.MAC221 


Gate Trigger Voltage, Continuous dc 
V D = 12 Vdc, R L = 100 Ohms 
Minimum Gate Pulse Width = 2.0 ps 
MT2 (+), G(+) All Types 
MT2 (+), G(-) 2N6346 thru 49, MAC221 
MT2 (-), G(-) All Types 
MT2 (-), G(+) 2N6346 thru 49, MAC221 
*MT2 (+), G(+); MT2 (-), G(-) T c = -40°C All Types 
*MT2 (+), G(-); MT2 (-), G(+) T c = -40°C 2N6346 thru 49, MAC221 
V D = Rated V DRM# R L = 10k Ohms, Tj = 100°C 
*MT2 (+), G(+); MT2 (-), G(-) All Types 

*MT2 (+), G(-); MT2 (-), G(-) 2N6346 thru 49, MAC%21 

•Holding Current 

Vq = 12 Vdc, Gate Open \ Tq = 25°C 

Ij = 200 mA / *T C = -40°C 


*Turn-On Time 

V D = Rated V DRMf IjM = 1 1 A / 
Iqt = 120 mA, Rise Time = 0.1 ps. 
Pulse Width = 2.0 ps 


Critical Rate of Rise of Commutation Voltage 
V D = Rated V DRM> IjM = 1 1 A * 
Comroutating di/dt = 4.3 A/ms, 

Gate Unenergized, Tq = 80°C 




IT(RMS). RMS ON-STATE CURRENT (AMP) 

































i T M. INSTANTANEOUS ON-STATE CURRENT (AMP) V gt> GATE TRIGGER VOLTAGE (VOLTS) 


2N6342 thru 2N6349, MAC220 series, MAC221 series 


FIGURE 3 - JYPICAL GATE TRIGGER VOLTAGE 



-60 -40 0 20 40 60 80 100 120 140 

' 20 Tj ( JUNCTION TEMPERATURE (°C) 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj JUNCTION TEMPERATURE (°C) 



0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 


FIGURE 6 - TYPICAL HOLDING CURRENT 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj ( JUNCTION TEMPERATURE (°C) 



1.0 2.0 3.0 5.0 7.0 10 


VTM, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


NUMBER OF CYCLES 
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r(t>. TRANSIENT THERMAL RESISTANCE 
(NORMALIZED) 




2N6342A 

thru 

2N6349A 




r r~0 



BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Blocking Voltage to 800 Volts 

© All Diffused and Glass Passivated Junctions for Greater Parameter 
Uniformity and Stability 

• Small, Rugged, Thermowatt* Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two Modes (2N6342A, 2N6343A, 

2N6344A, 2N6345A) or Four Modes (2N6346A, 2N6347A, 
2N6348A, 2N,6349A) 

© For 400 Hz Operation, Consult Factory 

• 8 Ampere Devices Available as 2N6342 thru 2N6349 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

*Peak Repetitive Off-State Voltage 

V DRM 


Volts 

(Tj = -40 to +1 10°C) 




Ya Sine Wave 50 to 60 Hz, Gate Open 




2N6342A, 2N6346A 


200 


2N6343A, 2N6347A 


400 


2N6344A, 2N6348A 


600 


2N6345A, 2N6349A 


800 


*RMS On-State Current 

'T(RMS) 


Amp 

(Full cycle. Sine Wave, Tq = +80°C 


12 


50 to 60 Hz) T C = +95°C 


6.0 


*Peak Non-Repetitive Surge Current 

<tsm 

120 

Amps 

(One Full Cycle, 60 Hz, T C = +80°C, 




Preceded and Followed by Rated Current) 




Circuit Fusing 

|2 t 

59 

A2s 

(Tj = -40 to +1 1 0°C, t = 1 .0 to 8.3 ms) 




•Peak Gate Power (Tq = +80°C, Pulse Width = 2.0ps 

P GM 

20 

Watts 

•Average Gate Power (Tq = +80°C, t = 8.3 ms) 

P G(A V) 

0.5 

Watt 

•Peak Gate Current 

■gm 

2.0 

Amp 

•Peak Gate Voltage 

V GM 

±10 

Volts 

•Operating Junction T emperature Range 

Tj 

-40 to +110 

°C 

•Storage Temperature Range 

T stg 

-40 to +150 

°C 


THERMAL CHARACTERISTIC 


Characteristic 

Symbol 

Max 

Unit 

•Thermal Resistance, Junction to Case 

R0 JC 

2.0 

°C/W 

• Indicates JEDEC Registered Data. 

^Trademark of Motorola Inc. 





TRIACS 


12 AMPERES RMS 
200-800 VOLTS 



SEATING 



2. MAIN TERMINAL 2 

3. GATE 

4. MAIN TERMINAL 2 


DIM 

MILLIMETERS 

INCHES J 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0 625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 


0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

~G 

2.29 

2.79 

0.090 

0.110 

H 

- 

6.35 

- 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0.500 

0.562 

~T 

1.14 

1.77 

0.045 

0.070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO-220 AB 


All JEDEC dimensions and notes apply 
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2N6342A thru 2N6349A 


ELECTRICAL CHARACTERISTICS (To = 25° unless otherwise notedl 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Off-State Current 

■ drm 

_ 

_ 

2.0 

mA 

Vq = Rated VdRM, t J = 1 10°C, Gate Open 





’Peak On-State Voltage (Either Direction) 

V TM 

- 

1.3 

1.75 

Volts 

*TM = 17 A Peak; Pulse Width = 1 .0 to 2.0 ms. Duty Cycle<2.0 % 






Gate Trigger Current, Continuous dc 

*GT 




mA 

Vq = 12 Vdc, Rj_ = 100 ohms 

Minimum Gate Pulse Width = 2.0 ms 






MT2 (+), G(+) All Types 


- 

6.0 

50 


MT2 (+), G(-) 2N6346A thru 2N6349A 


- 

6.0 

75 


MT2 (-), G(-) All Types 


- 

10 

50 


MT2 (-), G(+) 2N6346A thru 2N6349A 


- 

25 

75 


*MT2 (+), G(+); MT2 (-), G(-) T c = -40°C All Types 


- 

- 

100 


*MT2 (+), G(-); MT2 (-), G(+) T c = -40°C 2N6346A thru 2N6349A 


- 

- 

125 


•Peak Gate Trigger Voltage 

V GT 




Volts 

V D = 12 Vdc, R l = 100 ohms 

Minimum Gate Pulse Width = 2.0 ps 






MT2 (+), G(+) All Types 


- 

0.9 

2.0 


MT2 (+), G(-) 2N6346A thru 2N6349A 


- 

0.9 

2.5 


MT2 (-), G(-) All Types 


- 

1.1 

2.0 


MT2 (-), G(+) 2N6346A thru 2N6349A 


- 

1.4 

2.5 


*MT2 (+), G(+); MT2 (-), G(-) T c = -40°C All Types 


- 

- 

2.5 


*MT2 (+), G(-); MT2 (-), G(+) T c = -40°C 2N6346A thru 2N6349A 


- 

- 

3.0 


V 0 = Rated V^rm, Rj_ = 10k ohms^ Tj =100°C 
*MT2 (+), G( + ); MT2 (-), G(-) All Types 


0.2 




*MT2 (+), G(-); MT2 (-), G(+) 2N6346A thru 2N6349A 


0.2 

- 

- 


Holding Current (Either Direction) 

‘H 




mA 

Vp= 12 Vdc, Gate Open ) T c = 25°C 


- 

6.0 

40 


ly = 200 mA / *Tc = -40°C 


- 

- 

75 


*Turn-On Time 

tgt 

- 

1.5 

2.0 

MS 

Vq = Rated Vdrm, Ijm = 17A 






1(37 = 120 mA, RiseTime = 0.1 ms. 

Pulse Width = 2.0 ms 






Critical Rate of Rise of Commutation Voltage 

dv/dt(c) 

- 

5.0 


V/m s 

Vq = Rated Vor^ lyjyj = 17A, Commutating 
di/dt = 6.5 A/ms, Gate Unenergized 

T c = 80°C 







* I ndicates JEDEC Registered Data 


FIGURE 1 - RMS CURRENT DERATING 



IT(RMS). RMS ON-STATE CURRENT, (AMP) 



0 2.0 4.0 6.0 8.0 10 12 14 

IT(RMS), RMS ON-STATE CURRENT (AMP) 
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r(t), TRANSIENT THERMAL RESISTANCE 
(NORMALIZED) 


2N6342A thru 2N6349A 


FIGURE 8 - TYPICAL THERMAL RESPONSE 
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2N6394 MCR220-5 
thru MCR220-7 
2N6399 MCR220-9 


► r' 


-Ok 


REVERSE BLOCKING TRIODE THYRISTORS 

. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies. 

• Glass Passivated Junctions with Center Gate Geometry for 

Greater Parameter Uniformity and Stability 

© Small, Rugged, ThermowattA Construction for Low Thermal Resis- 
tance, High Heat Dissipation and Durability 

• Blocking Voltage to 800 Volts 


SILICON CONTROLLED 
RECTIFIERS 


12 AMPERES RMS 
50-800 VOLTS 



•MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward and Reverse Blocking 

V RRM 


Volts 

Voltage 2N6394 

Vdrm 

50 


(Tj = -40 to 1 25°C) 2N6395 


100 


2N6396 


200 


MCR220-5 


300 


2N6397 • 


400 


MCR220-7 


500 


2N6398 


600 


MCR220-9 


700 


2N6399 


800 


RMS On-State Current Tq = 90°C 

•t(RMS) 

12 

Amps 

(All Conduction Angles) 




Peak Non-Repetitive Surge Current 

'tsm 

100 

Amps 

( 1 /2 cycle. Sine Wave, 60 Hz, Tj = 1 25°C) 




Circuit Fusing 

|2 t 

40 

A2s 

(Tj = -40 to +125°C, t = 1 .0 to 8.3 ms) 




Forward Peak Gate Power 

P GM 

20 

Watts 

Forward Average Gate Power 

p G(AV) 

0.5 

Watt 

Forward Peak Gate Current 

*GM 

2.0 

Amps 

Operating Junction Temperature Range 

Tj 

40 to +125 

°C 

Storage Temperature Range 

T stg 

40 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.0 

°C/W 

* Indicates JEDEC Registered Data. 




^Trademark of Motorola Inc. 






STYLE 1: 

PIN 1. CATHODE 

2. ANODE 

3. GATE 
4' ANODE 

All JED EC dimensions and notes apply 


DIM 

MILLIIV 

1ETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

14 23 

15 87 

0.560 

0 625 

B 

9 66 

10 66 

0 380 

0 420 

C 

3 56 

4 82 

0 140 

0 190 

0 

051 

1.14 

0.020 

0 045 

F 

3 531 

3.733 

0 139 

0 147 

G 

2 29 

2 79 

0 090 

0 110 

H 


6 35 


0.250 

J 

0 31 

1.14 

0.012 

0 045 

K 

1270 

14.27 

0.500 

0 562 

L 

1.14 

1 77 

0 045 

0 070 

N 

4 83 

5.33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

r“! 

2.04 

2 92 

0 080 

0.115 

S 

0.51 

1 39 

0 020 

0 055 

T 

5 85 

6.85 

0 230 

0 270 
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TC, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


2N6394 thru 2N6399, MCR220-5, MCR220-7, MCR220-9 



ELECTRICAL CHARACTER ISTICSKTc = 25°C unless otherwise noted.) 


'Peak Forward Blocking Current 
(V D = Rated V DRM @ Tj = 125°C) 


Peak Reverse Blocking Current 
(Vr = Rated Vrrm @ Tj = 125°C) 


* Forward "On" Voltage 
(l TM = 24 APeak) 


* Gate Trigger Current (Continuous dc) 
(V D = 12 Vdc, R|_ = 100 Ohms) 


Gate Trigger Voltage (Continuous dc) 
(Vq = 12 Vdc. Rl = 100 Ohms) 


(V D = Rated V DRMf R L = 1 00 Ohms, Tj = 1 25°C) 


* Holding Current 
(V D = 12 Vdc) 


Turn-On Time 

(Itm = 12 A, Iqt = 40 mAdc, Vp = Rated Vqrm 


Turn-Off Time (Vq = Rated V[jrm) 
(l TM = 12 A,Ir = 12A) 

(l TM = 12 A, Ir = 12 A, Tj = 125°C) 


Critical Rate-of-Rise of Off-State Voltage 
Exponential 

(V D = Rated V DRM# Tj = 125°C) 




lT(AV), AVERAGE UN -STATE CURRENT (AMP) 
































r(t), TRANSIENT THERMAL RESISTANCE i TM INSTANTANEOUS ON-STATE CURRENT (AMP) 

(NORMALIZED) _ _ _ ' .. 


2N6394 thru 2N6399, MCR220-5, MCR220-7, MCR220-9 



VTH, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


C D 


FIGURE 4 - MAXIMUM NON-REPETITIVE SURGE CURRENT 
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FIGURE 5 - THERMAL RESPONSE 
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Vgt. gate TRIGGER VOLTAGE (VOLTS) IqtM, PEAK GATE CURRENT (mA) 


2N6394 thru 2N6399, MCR220-5, MCR22G-7, MCR220-9 


TYPICAL CHARACTERISTICS 




0.2 0.5 1 2 5 10 20 50 100 200 -40 

PULSE WIDTH (/js) 


0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (°C) 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9 - HOLDING CURRENT 
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2N6400 MCR221-5 
thru MCR221-7 
2N6405 MCR221-9 


' 


G 

J 
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W\ 
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REVERSE BLOCKING TRIODE THYRISTORS 

. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 

° Glass Passivated Junctions with Center Gate Geometry for Greater 
Parameter Uniformity and Stability 
® Small, Rugged, Thermowat^ Construction for Low Thermal Resis- 
tance, High Heat Dissipation and Durability 
© Blocking Voltage to 800 Volts 


SILICON CONTROLLED 
RECTIFIER 

16 AMPERES RMS 
50-800 VOLTS 



♦MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward and Reverse Voltage 

V RRM 


Volts 

2 N 6400 

V DRM 

50 


2N6401 


100 


2 N 6402 


200 


MCR221-5 


300 


2 N 6403 


400 


MCR221-7 


500 


2N6404 


600 


MCR221-9 


700 


2N6405 


800 


RMS On-State Current, Tq = 90°C -• 

'T(RMS) 

16 

Amps 

Average On-State Current 

'T(AV) 

10 

Amps 

Peak Non-Repetitive Forward Surge Current 

'tsm 

160 

Amps 

(1/2 cycle. Sine Wave, 60 Hz, 

Tj = 1 25°C) 




Circuit Fusing 

|2 t 

100 

A2 s 

(Tj = -40 to +1 25°C, t = 1 .0 to 8.3 ms) 




Forward Peak Gate Power 

P GM 

20 

Watts 

Forward Average Gate Power 

p G(AV) 

0.5 

Watt 

Forward Peak Gate Current 

'GM 

2.0 

Amps 

Operating Junction Temperature Range 

tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°c 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.5 

°c/w 

^Trademark of Motorola Inc. 

•Indicates JEDEC Registered Data. 



PIN 1. CATHODE 

2. ANODE 

3. GATE 

4. ANODE 

All JEDEC dimensions and notes apply 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

14 23 

1587 

0 560 

0.625 

B 

9 66 

10 66 

0.380 

0 420 

C 

3 56 

4 8? 

0.140 

0 190 

D 

0 51 

1 14 

0.020 

0 045 

F 

3 531 

3 733 

0 139 

0 147 

G 

2 29 

2 79 

0 090 

0.110 

H 


6.35 

- 

0 250 

J 

0 31 

1 14 

0.012 

0 045 

K 

12 70 

14 27 

0 500 

0 562 

L 

1.14 

1.77 

0.045 

0 070 

N 

4 83 

5 33 

0 190 

0210 

Q 

2.54 

3.04 

0 100 

0 120 

R 

2.04 

2 92 

0 080 

0 115 

S 

0.51 

1 39 

0 020 

0 055 

' T 

5 85 

6 85 

0 230 

0 270 


CASE 221-02 
TO 220 AB 
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2N6400 thru 2N6405, MCR221-5, MCR221-7, MCR221-9 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

•Peak Forward Blocking Current 


•drm 

- 

- 

2.0 

mA 

(Vp = Rated VpRM @ Tj = 125°C) 







•Peak Reverse Blocking Current 


'RRM 

- 

- 

2.0 

mA 

(V R = Rated V RRM @ T j = 125°C) 







•Peak On-State Voltage 


V TM 

- 

- 

1.7 

Volts 

(Itm - 32 A Peak,Pulse Width < 1 ms. Duty Cycle < 2%) 






•Gate Trigger Curront (Continuous dc) 


>gt 

— 

5.0 

30 

mA 

(V D = 12 Vdc, R L = 50 Ohms) 







•Gate Trigger Voltage (Continuous dc) 


V GT 




Volts 

(V D = 12 Vdc, R L = 50 Ohms) 

T C = 25°C 


- 

0.7 

1.5 



T c = -40°C 


— 

- 

2.5 


(Vq = Rated VpRM, Rj_ = 50 Ohms) 

T C = +125°C 


0.2 

- 

- 


•Holding Current 

T c = 25°C 

'H 

- 

6.0 

40 

mA 

(V D = 12 Vdc) 

*T C = -40°C 


- 

- 

60 


Turn-On Time - 


tgt 

— 

1.0 

- 

MS 

(ljM = 16 A, Iqt ” 40 mAdc, Vd = Rated VpRM> 






Turn-Off Time 


tq 




Ms 

(ITM = 16 A, l R = 16 A, Vq = Rated Vp R |\/i) 

T C = 25°C 


- 

15 

- 



Tj = +1 25°C 


- 

35 

- 


Critical Rate-of-Rise of Off-State Voltage 


dv/dt 

— 

50 

— 

V/jus 

(Vd = Rated VpRM* Exponential Waveform) 

Tj = +1 25°C 







•Indicates JEDEC Registered Data. 



lT(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 


FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION 



Ij(AV), AVERAGE ON-STATE FORWARD CURRENT (AMP) 
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r(t), TRANSIENT THERMAL RESISTANCE 

(NORMALIZED) 'TM, INSTANTANEOUS ON-STATE FORWARD CURRENT (AMP) 


2N6400 thru 2N6405, MCR221-5, MCR221-7, MCR221-9 



vtm, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 


FIGURE 4 - MAXIMUM N ON-REPETITIVE SURGE CURRENT 



FIGURE 5 - THERMAL RESPONSE 



t, TIME (ms) 
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Vgt, GATE TRIGGER VOLTAGE (VOLTS) iGT. PEAK GATE CURRENT (mA) 


2N6400 thru 2N6405, MCR221-5, MCR221-7, MCR221-9 


TYPICAL TRIGGER CHARACTERISTICS 


FIGURE 6 - PULSE TRIGGER CURRENT 

100 
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PULSE WIDTH (ms) 



FIGURE 7 - GATE TRIGGER CURRENT 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 8 - GATE TRIGGER VOLTAGE FIGURE 9 - HOLDING CURRENT 
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SILICON CONTROLLED 
RECTIFIER 



REVERSE BLOCKING TRIODE THYRISTORS 

. . . designed primarily for half-wave ac control applications, such as 
motor controls, heating controls and power supply crowbar circuits. 

• Glass Passivated Junctions with Center Gate Geometry for Greater 

Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt A Constructed for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Blocking Voltage to 800 Volts 

• 300 A Surge Current Capability 


"MAXIMUM RATINGS 

Rating 

Peak Repetitive Forward and Reverse 
Voltage (1) 2N6504 

2N6505 
2N6506 
2N6507 


RMS On-State Current 'T(RMS) 25 

Average On-State Current (Tq = +85°C) , T(AV) 16 

Peak Non-Repetitive Surge Current - 8.3 ms I jSM 300 

(1/2 Cycle, Sine Wave) 1.5 ms 350 

Forward Peak Gate Power PqM 20 

Forward Average Gate Power P G(AV) 0.5 

Forward Peak Gate Current Iqm 2 

Operating Junction Temperature Range Tj -40 to +125 

Storage Temperature Range T stg -40 to +150 

"THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RgJC 1.5 

(1) VQRiyj and Vrrm for all types can be applied on a continuous dc basis 
without incurring damage. Ratings apply for zero or negative gate voltage. 
Devices should not be tested for blocking capability in a manner such that 
the voltage supplied exceeds the rated blocking voltage. 


Trademark of Motorola Inc. 

* Indicates JEDEC Registered Data. 







2N6504 thru 2N6509 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

‘Peak Forward Blocking Current 

>DRM 

- 

- 

2 

mA 

(V D = Rated V DRM @ Tj = 125°C) 






‘Peak Reverse Blocking Current 

>RRM 

- 

- 

2 

mA 

(V R = Rated V RRM @ T j = 125°C) 






* Peak On-State Voltage 


- 

- 

■ 

Volts 

(ITM = 50 A, P.W. < 300 ns, Duty Cycle < 2%) 

Mi 





‘Gate Trigger Current (Continuous dc) Tc = 25°C 


- 

- 

KK 

mA 

(V D = 12 Vdc, R L = 100 Ohms) T C = -40°C 

- 

25 

kmi 


‘Gate Trigger Voltage (Continuous dc) 

v gt 

- 

1 

1.5 

Volts 

(V D = 12 Vdc R L = 100 Ohms, T C = -40°C) 

(V D = Rated V DRMf R L = 100 Ohms, Tj = 125°C) 


0.2 

- 

- 


‘Holding Current 


- 

35 

40 

mA 

(V D = 12 Vdc,T c = 25°C) 






Turn-On Time 

MU 

- 

1.5 

2 

Ms 

(ljM = 25 A, Iqt ~ 50 mAdc, Vq = Rated Vq R m) 





Turn-Off Time (Vq = Rated Vq R m) 





MS 

(l TM = 25 A, l R = 25 A) 


- 

15 

- 


(l TM = 25 A, l R = 25 A, Tj = 125°C) 


~ 

35 

- 


Critical Rate of Rise of Off-State Voltage 

dv/dt 

~ 

50 

- 

V/ms 

(Gate Open, Vq = Vq R |\/|, Exponential Waveform, Tj = 125°C) 







indicates JEDEC Registered Data. 


FIGURE 1 - AVERAGE CURRENT DERATING 


FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION 
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Vgt, GATE TRIGGER VOLTAGE (VOLTS) iGT- PEAK GATE CURRENT (mA) 


2N6504 thru 2N6509 


TYPICAL TRIGGER CHARACTERISTICS 


FIGURE 6 - PULSE TRIGGER CURRENT 



PULSE WIDTH (ms) 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 



-60 -40 -20 0 20 40 60 80 100 120 140 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 9 - HOLDING CURRENT 
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REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed 
® Glass Passivated Junctions and Center Gate Fire for Greater 
Parameter Uniformity and Stability 
• Blocking Voltage to 800 Volts 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted 


SILICON CONTROLLED 
RECTIFIER 

35 AMPERE RMS 
25-800 VOLTS 


Peak Repetitive Forward and Reverse 
Blocking Voltage (1) 

(Tc = -65to+125°C) C35U 


Non-Repetitive Peak Reverse Voltage 
(Tq = -65 to +1 25°C, C35U 
V < 5.0 ms) C35F 

C35A 
C35G 
C35B 
C35H 
C35C 
C35D 
C35E 
C35M 
C35S 
C35N 


RMS On-State Current (All Conduction Angles) 


Peak Non-Repetitive Surge Current 
(One cycle, 60 Hz) 


Circuit Fusing 

(t = 1.0 to 8.3 ms) 


Peak Gate Power 


Average Gate Power 


Peak Reverse Gate Voltage 


Operating Junction Temperature Range 


Storage Temperature Range 


THERMAL CHARCTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


(1) VoRM an< f Vrrm for all types can be applied on a continuous dc basis without 
incurring damage. Ratings apply for zero or negative gate voltage. Devices should 
not be tested for blocking capability in a manner such that the voltage supplied 
exceeds the rated blocking voltage. 



STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 


Similar to TO-48 


















































TC MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


C35 Series 



ELECTRICAL CHARACTERISTICS (Tj - 25°C unless otherwise noted.) 


Characteristic Symbol 


Peak Reverse or Forward Blocking Current 
|V D ■ Rated V DRMf T C = +125°C) 

(V R = Rated V RRM ] T C = 125°C) C35U,F,A,G 







































C106 

series 


REVERSE BLOCKING TRIODE THYRISTORS 

. . . Glassivated PNPN devices designed for high volume consumer 
applications such as temperature, light, and speed control; process 
and remote control, and warning systems where reliability of oper- 
ation is important. 

• Glassivated Surface for Reliability and Uniformity 
© Power Rated at Economical Prices 
© Practical Level Triggering and Holding Characteristics 
© Flat, Rugged, Thermopad^ Construction for Low Thermal 
Resistance, High Heat Dissipation and Durability 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward and 

Reverse Blocking Voltage C106Q 

V DRM 

OR 

V RRM 

15 

Volts 

R G K — 1 k T2 C106Y 

30 


T c = -40° to 110°C C106F 

50 


Cl 06 A 


100 


C106B 


200 


C106C 


300 


C106D 


400 


C106E 


500 


C106M 


600 


RMS Forward Current 

•T(RMS) 

4 

Amp 

(All Conduction Angles) 




Average Forward Current 

'T(AV) 


Amp 

T A » 30°C 

2.55 


Peak Non-Repetitive Surge Current 

>tsm 

20 

Amp 

(1/2 Cycle, 60 Hz, Tj = -40 to +1 10°C) 



Circuit Fusing t > 1.5 ms 

l 2 t 

0.5 

A 2 s 

Peak Gate Power 

P GM 

0.5 

Watt 

Average Gate Power 

p G(AV) 

0.1 

Watt 

Peak Forward Gate Current 

•gfm 

0.2 

Amp 

Peak Reverse Gate Voltage 

v grm 

6 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Mounting Torque (Note 1) 

j 

6 

in. lb. 

THERMAL CHARACTERISTICS 

Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Case 

BE9S3I 

3 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°C/W 

NOTE 1. Torque rating applies with use of torque washer (Shakeproof 


WD 19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. Anode 
lead and heatsink contact pad are common. (See AN-290 B) 

For soldering purposes (either terminal connection or device mount- 


ing), soldering temperatures shall not 

exceed +225°C. For opti- 


mum results, an activated flux (oxide removing) is recommended. 



SILICON CONTROLLED 
RECTIFIER 

4 AMPERES RMS 
15 thru 600 VOLTS 





m 




IP- 




L 


STYLE 2 

PIN 1 CATHODE 

2. ANODE 

3. GATE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX | 

A 

10.80 

11 05 

0.425 

EESEU 

B 

7.49 

7 75 

iiwni 

0.305 

C 

2.41 

EH 

luit-'U 

0.105 

nr 



iiiiMii 

0.026 

F 

■BEHi 

Bill 

mg 

0 125 

G 


2.46 

0.091 

0 097 

H 

1.27 

2.41 

0.050 

0 095 

J 

0.38 

0.64 

0015 

mm 

K 

15.11 

16.64 

0.595 

litiiM 

M 

3 

TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0 035 

U 

3.68 

3.94 

0 145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 


trademark of Motorola Inc. 
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Cl 06 series 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

*DRM 




PA 

(Rated V^rm, Rgk = 1000 Ohms, Tj - 25°C) 


_ 

_ 

10 


(Rated V DRM< r gk = 1000 Ohms, Tj = 1 10°C) 


- 

- 

100 


Peak Reverse Blocking Current 

|rrm 




MA 

(Rated V RRM> R gk = 1000 Ohms, Tj = 25°C) 


- 

_ 

10 


(Rated V RRMf R gk = 1000 Ohms, Tj = 110°C) 


- 

- 

100 


Forward "On" Voltage 

VTM 

- 

- 

2.2 

Volts 

(IpM 254 A Peak) 






Gate Trigger Current (Continuous dc) 

>GT 




mA 

(Vak = 0 Vdc, R |_ = 100 Ohms) 


- 

30 

200 


(V A |< = 6 Vdc. R L = 100 Ohms, T c = -40°C) 


- 

75 

500 


Gato Trigger Voltage (Continuous dc) Tj = 25°C 

V GT 

0.4 

_ 

0.8 

Volts 

(V A k = 6 Vdc, R L = 100 Ohms, R GK = 1000 Ohms) Tj = -40°C 


0.5 

_ 

1 


(V A k = Rated Vdrm^ R[_ = 3000 Ohms, Rqk = 1000 Ohms, 


0.2 

_ 

_ 


Tj = 1 10°C) 






Holding Current Tj = 25°C 

Ihx 

0.3 

- 

3 

mA 

(V D = 12 Vdc, R GK = 1000 Ohms) Tj = -40°C 


0.4 

- 

6 


Tj = + 1 1 0°C 


0.14 

- 

2 


Forward Voltage Application Rate 

dv/dt 

_ 

8 

- 

V/ps 

(Tj = 1 10°C, Rqk = 1000 Ohms, V D = Rated V DRM ) 






Turn-On Time 

l gt 

- 

1.2 

- 

ps 

Turn-Off Time 


- 

40 

- 

PS 



It (AV) AVERAGE ON-STATE CURRENT (AMPERES) 



Pcckaga Interchangeability 

The dimensional diagrams bolow compare the critical dimensions of tho Motorola C-106 package 
with competitive devicos. It has been demonstrated that tho smaller dimensions of the Motorola pack- 
age make it compatibla In most lead-mount and chassis-mount applications. The user is advised to 
compare all critical dimensions for mounting compatibility. 



105 


Motorola C-106 Package Competitive C-106 Package 
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C122 

series 


REVERSE BLOCKING TRIODE THYRISTOR 


. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 

© Glass Passivated Junctions and Center Gate Fire for Greater 
Parameter Uniformity and Stability 
© Small, Rugged, Thermowat^ Construction for Low Thermal 
Resistance, High Heat Dissipation and Durability 
® Blocking Voltage to 600 Volts 
© Different Lead Form Configurations, 

Suffix (2) thru (6) available, see 
Thyristor Selection Guide for Information 


MAXIMUM RATINGS 


Rating (Note 2) 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage 

V DRM 


Volts 

Repetitive Peak Reverse Voltage 

Vrrm 



C122F 


50 


Cl 22 A 


100 


C122B 


200 


C122C 


300 


C122D 


400 


C122E 


500 


C122M 


600 


Non-Repetitive Peak Reverse Voltage 

V RSM 


Volts 

C122F 


75 


C122A 


200 


C122B 


300 


C122C 


400 


C122D 


500 


C122E 


600 


C122M 


700 | 


Forward Current RMS _ 

•t(rms) 

8 

Amps 

(All Conduction Angles) ^ 




Peak Forward Surge Current 

*tsm 

90 

Amps 

(1 12 Cycle, Sine Wave, 60 Hz, ) 




Circuit Fusing Considerations 

|2 t 

34 

A2s 

t = 8.3 ms 




Forward Peak Gate Power (t = 10 ixs) 

P GM 

5 

Watts 

Forward Average Gate Power 

p G(AV) 

0.5 

Watt 

Forward Peak Gate Current 

•gm 

2 

Amps 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 


-40 to +125 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.8 

°C/W 


(1) Vqrm for all types can be applied on a continuous dc basis without incur- 
ring damage. Ratings apply for zero or negative gate voltage. Devices should 
not bo tested for blocking capability in a manner such that the voltage 
supplied exceeds the rated blocking voltage. 

(2) Add lead form suffix designator "( )" to part number for lead configura- 
tions 2 thru 6. See Thyristor Selection Guide for information. 


SILICON CONTROLLED 
RECTIFIER 


8 AMPERES RMS 
50-600 VOLTS 



SEATING 



PIN 1. CATHODE 

2. ANODE 

3. GATE 

4. ANODE 


DIM 

MlLLIIt 

1ETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 

D 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 


6.35 

- 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.77 

0.045 

0.070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

B 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO-220 AB 


All JEOEC dimensions and notes apply 

NOTE: SUFFIX (1) Lead Configuration 
Available as standard. 


* Trademark of Motorola Inc. 
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228 ( )3 




REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

© Economical for a Wide Range of Uses 
° High Surge Current - IjSM “ 300 Amp 
© Low Forward “On" Voltage — 1.2 V (Typ) @ IjM = 35 Amp 
© Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @ T C = 25°C 

o Rugged Construction in Either Pressfit, Stud, or Isolated 
Stud Packages 

Q Glass Passivated Junctions for Maximum Reliability 


MAXIMUM RATINGS 


Repetitive Peak Off : State Voltage (1) 
(Tj = -40 to +125°C) 

C229F, C228F, C228F3 
C229A, C228A, C228A3 
C229B, C228B, C228B3 
C229C, C228C, C228C3 
C229D, C228D, C228D3 
C229E, C228E, C228E3 
C229M, C228M, C228M3 


Non-Repetltive Reverse Voltage 
(Tj “ -40 to +125°C) 

C229F, C228F, C228F3 
C229A, C228A, C228A3 
C229B, C228B, C228B3 
C229C, C228C, C228C3 
C229D, C228D, C228D3 
C229E, C228E, C228E3 
C229M, C228M, C228M3 


Forward Current RMS 


Peak Surge Current 

(ono cycle, 60 Hz) (T C ” -40 to +125°C ) 
Circuit Fusing Considerations 

(T C = -40 to +1 25°C) (t= 1.0 to 8.3 ms) 


Peak Gate Power 


Average Gate Power 


Peak Forward Gate Current 


Operating Junction Temperature Range 


Storage Temperature Range 


Stud Torque 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 
C228 and C229 Series 
C228( ) 3 Series 


(1) V[)rM anc * VRRM f° r a H types can be applied on a continuous 
dc basis without incurring damage. Ratings apply for zero or 
negative gate voltage. Devices shall not have a positive bias 
applied to the gate concurrently with a negative potential 
on the anode. 


SILICON CONTROLLED 
RECTIFIER 


35 AMPERES RMS 
50 thru 600 VOLTS 


STYLE 1: 

1. CATHODE 

2. GATE 
CASE. ANODE 





p GM 5 


p G(AV) I 0.5 I Watt 1 


'GM 


Tj -40 to +125 




STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 



| 15.75 | 17.02 1 0.620 | 0l70 



C228( ) 3 Series 


STYLE 1 

1. CATHODE 

2. GATE 

3. ANODE 
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C228, C228( )3, C229 series 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current Tc = 25°C 

•drm 

_ 

_ 

1 

mA 

(Rated Vqrm« with gate open) Tc = 125°C 

- 

- 

3 


Peak Reverse Blocking Current Tc = 25°C 

Irrm 

- 

- 

1 

mA 

(Rated V RRM ) T C ■= 125°C 


~ 

— 

3 


Forward "On" Voltage 

V TM 

- 

- 

1.9 

Volts 

(*TM = 100 A Peak) 






Gate Trigger Current 

•GT 




mA 

(V D = 12 Vdc, R L = 80 Ohms, T C = 25°C) 


- 

- 

40 


(V D = 6 Vdc, R L = 50 Ohms, T c = -40°C) 


- 

- 

80 


Gate Trigger Voltage 

V GT 




Volts 

(V D = 12 Vdc, R l = 80 Ohms, Tq = 25°C) 


_ 

- 

2.5 


(V D = 6 Vdc, R L = 80 Ohms, T C = -40°C) 


- 

- 

3 


Gate Trigger Voltage 

V GT 

0.2 

- 



(Rated V DRM . ^L = 1000 Ohms,T C = +125°C) 




■ ■ 

Holding Current Tq = 25°C 

'H 

- 

- 



(Anode Voltage = 24 V, gate open) Tc = -40°C 


- 

- 


1 

Turn-On Time (t^ + t r ) 

*00 

- 

1.0 



(Itm ~ 05 Adc, Iqj = 40 mAdc) 






Turn-Qff,Time 





MS 

(IjM - 10 A, l R = 10 A) 


- 

20 

- 


(l TM = 10 A, Ir = 10 A, T c = 100°C) 


- 

35 

- 


Forward Voltage Application Rate 

dv/dt 

_ 

50 

_ 

V/ms 

(T C = 100°C ) 







FIGURE 1 - CURRENT DERATING 

(HALF-WAVE RECTIFIED SINE WAVE) 


FIGURE 2 - CURRENT DERATING 

(FULL-WAVE RECTIFIED SINE WAVE) 



It (A V) AVERAGE ON-STATE CURRENT (AMPS) 
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C230, 231 
C230( )3, 231( )3 
C232, 233 
series 


REVERSE BLOCKING TRIODE-THYRISTOR 

. . . designed for industrial and consumer applications such as power 
supplies; battery chargers; temperature, motor, light, and welder 
controls. 

• Economical for a Wide Range of Uses 

• High Surge Current — IjSM = 250 Amp 

• Low Forward “On" Voltage - 1.2 V (Typ) @ Ijm = 25 Amp 

• Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @ T C = 25°C 

• Rugged Construction in Either Pressfit, Stud or Isolated Stud 

• Glass Passivated Junctions for Maximum Reliability 


MAXIMUM RATINGS (Tc = 100°C unless otherwise noted) 


Rating 

Suffix 

Symbol 

Value 

HSSS 

Peak Repetitive Off-State Voltage (1 ) 

F 

v drm 

50 

Volts 

(T c = -40 to +100°C) 

A 

and 

100 


All Types 

B 

V RRM 

200 



C 


300 



D 


400 





500 





600 


Non-Repetitive Reverse Voltage 

F 

v rsm 

75 

Volts 

(T c = -40 to 100°C) 

A 


150 


All Types 

B 


300 



C 


400 



D 





E 


600 



M 


720 


Forward Current RMS 


'T(RMS) 

25 


Peak Surge Current 


>tsm 

250 


(One Cycle, 60 Hz)(T c = -40 to 100°C) 




■m 

Circuit Fusing 


|2 t 


MSM 

(Tq = -40 to +100°C)(t = 1 .0 to 8.3 ms) 




■ ■ 

Peak Gate Power 


P GM 

5 


Average Gate Power 


P G(AV) 

0.5 

Watt 

Peak Forward Gate Current 


*GM 

2 

Amp 

Operating Junction Temperature Range 


Tj 

-40 to +100 

°C 

Storage Temperature Range 


T stg 

-40 to +125 

°C 

Stud Torque 


- 

30 

in. lb. 

THERMAL CHARACTERISTICS 

Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


R0JC 


°C/W 

Pressfit and Stud 



1.00 


Isolated Stud 



1.15 


(1)Vqrm and Vrrm for all types can be applied 

on a continuous dc basis without 1 


incurring damage. Ratings apply for zero or negative gate voltage. Devices shall not 
have a positive bias applied to the gate concurrently with a negative potential on 
the anode. 


SILICON CONTROLLED 
RECTIFIER 

25 AMPERES RMS 
50 thru 600 VOLTS 
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MAXIMUM ALLOWABLE 


C230, 231 / C230( )3, 231 ( )3 / C232, 233 series 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Currrent 


Idrm 




mA 

(Vp = Rated Vp R M, with gate open) 

T C = 25°C 

or 

- 

- 

0.5 


(Vr = Rated V RRM ) 

T C = 100°C 

|rrm 

- 

- 

1.0 


Forward "On" Voltage 


V TM 

- 

- 

1.9 

Volts 

(IjM = 100 A Peak, Pulse Width < 1 ms, Duty Cycle < 2%) 






Gate Trigger Current, C230, C230( )3, C232 series 


<GT 




mA 

(Vp = 12Vdc, R L = 120 Ohms) 



- 

- 

25 


(Vp = 1 2 Vdc, R L = 60 Ohms) 

T q = -40°C 


- 

- 

40 


Gate Trigger Current, C231 , C231 ( )3, C233 


>GT 




mA 

(Vp = 12 Vdc, R l = 120 Ohms) 



- 

- 

9.0 


(Vp = 12 Vdc, R L = 60 Ohms) 

T C = -40°C 


- 

- 

20 


Gate Trigger Voltage 


V GT 




Volts 

(Vp = 12 Vdc, R L = 120 Ohms) 



- 

- 

1.5 


(Vp = 12 Vdc, R L = 60 Ohms) 

Tp = -40°C 


- 

- 

2.0 


(Vp = Rated Vp R |y|, Rj_ = 1000 Ohms) 

T C =+100°C 


0.2 

- 

- 


Holding Current 


lH 

- 

- 

50 

mA 

(Vp = 24 V, gate open, lj = 0.5 A) 

T C - -40°C 


- 

- 

100 


Turn-On Time (t^ + t r ) 


x gt 

- 

1.0 

- 

MS 

( 1 XM = 25 Adc, >GT = 40 mAdc, Vp = Rated Vp R (vj) 







Turn-Off Time 






F»s , 

Otm = 10 A, l R = 10 A, Pulse Width = 50 ms. 



- 

25 



dv/dt = 20 V/m s, Vp = Rated Vp R |y]) 

T C = 100°C 


— 

35 



Forward Voltage Application Rate 


dv/dt 

- 

100 

- 

V/ms 

(Vp = Rated Vp R ft/|) 

Tp = 100°C 







FIGURE 1 - CURRENT DERATING FOR 



4 8 12 16 20 24 28 


l T ( AV ), AVERAGE FORWARD CURRENT (AMPS) 

NOTE: Derating is for Pressift and Stud Devices. Isolated stud devices must be derated 
an additional 15%. For example,- the maxTQ@ 16 A (180° conduction angle) 
is 70°C, a derating of 30°C. Isolated stud devices must be derated 34.5°C; 
therefore, the maximum Tq is 65.5°C. 

FIGURE 3 - GATE CURRENT VARIATION 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 2 - ON-STATE POWER DISSIPATION 



4.0 8.0 12 16 20 24 28 

l T(AV ), AVERAGE FORWARD CURRENT (AMPS) 


FIGURE 4 - GATE VOLTAGE VARIATION 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (°C) 
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MAC15 

MAC15A 





^ 6g 


BIDIRECTIONAL TRIODE THYRISTORS 


. . . designed primarily for full-wave ac control applications, such as 
solid-state relays, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

© Blocking Voltage to 800 Volts 

• All Diffused and Glass Passivated Junctions for Greater Parameter 

Uniformity and Stability 

• Small, Rugged, ThermowattA Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 
© Gate Triggering Guaranteed in Two Modes (MAC15) 

Four Modes (MAC15A) 


TRIACS 


15 AMPERES RMS 
200-800 VOLTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Off-State Voltage 
(Tj = -40 to 125°C) 

MAC15-4, MAC15A-4 

MAC 15-6, MAC15A-6 
MAC15-8, MAC15A-8 
MAC15-10, MAC15A-10 

v drm 

200 

400 

600 

800 

Volts 

Peak Gate Voltage 

V GM 

10 

Volts 

On-State Current RMS 

Full Cycle Sine Wave 50 to 60 Hz (T c = +90°C) 

'T(RMS) 

15 

Amp 

Circuit Fusing 

|2 t 

93 

A 2 sec 

Peak Surge Current 
(One Full Cycle, 60 Hz,T c = +80°CI 
preceded and followed by rated current 

•tsm 

150 

Amp 

Peak Gate Power (Tc = +80°C, Pulse Width = 2 /js 

P GM 

20 

Watts 

Average Gate Power (Tc = +80°C, t = 8.3 ms) 

P G(AV) 

0.5 

Watt 

Peak Gate Current 

■gm 

2 

Amp 

Operating Junction T emperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

THERMAL CHARACTERISTIC 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2 

°C/W 




DIM 

iNCHES 

"millimeters 1 

MIN 

MAX 

MIN 

MAX 

A 

0.380 

0 420 

9.660 

10 66 

C 

0.560 

0 625 

1423 

15 87 

D 

0.020 

0.045 

0510 

1.140 

E 


0.250 


6.350 

F 

0.045 

0 070 

1.140 

1.770 

G 

0 090 

0.110 

2.290 

2.790 

H 

0 100 

0.120 

2 540 

3.040 

J 

0.139 

0 147 

3.531 

3.733 

K 

0.500 

0.562 

12.70 

14.27 

L 

0.230 

0.270 

5.850 

6.820 

~m"1 

0.140 

0.190 

3.560 

4.820 

N 

0.080 

0.115 

2.040 

2.920 

P 

0012 

0.045 

0 310 

1.140 

Q 

0.020 

0.055 

0.510 

1.390 

R 

0.190 

0.210 

4.830 

5 330 


CASE 221-02 
TO-220 AB 


^Trademark of Motorola Inc. 
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M AC1 5, M AC1 5A 


ELECTRICAL CHARACTERISTICS (Tq - 25°C, and either polarity of MT2 to MT1 Voltage unless otherwise noted) 


Characteristic | Symbol | Min | Typ 

Peak Blocking Current 

Vp ~ Rated Vd R m @ Tj = 125°C, Gate Open 


Peak On-State Voltage Vjm - 

IjM = 21 A Peak; Pulse Width = 1 to 2 ms. Duty Cycle < 2% 

Peak Gate Trigger Current IGTM 

V D = 12 Vdc, R l = 100 Ohms 
Minimum Gate Pulse Width = 2 ps 
MT2 (+), G(+) — MAC15, MAC15A 
MT2 (+), G(-) — MAC15A 
MT2 (-), G(-) - MAC1 5, MAC1 5A 

MT2 (-), G(+) — MAC15A - 

Peak Gate Trigger Voltage VqtM 

V d = 12 Vdc, R L = 100 Ohms 
Minimum Gate Pulse Width = 2 ps 
MT2 (+), G(+) - MAC1 5, MAC1 5A 
MT2 (+), G(-) — MAC15A 
MT2 (-), G(-) - MAC1 5, MAC1 5A 
MT2 (-), G(+) — MAC15A 
V D = Rated V DRM> R L = 10k Ohms, Tj = 1 10°C 

MT2 (+), G(+); MT2 (-), G(-) - MAC1 5, MAC1 5A 0.2 

MT2 (+), G(-); MT2 (-), G(+) - MAC15A 0,2 

Holding Current (Either Direction) | R — 

Vp = 12 Vdc, Gate Open 
I j = 200 mA 

Turn-On Time tgt — 

V D = Rated V DRM I TM = 17 A 

Iqt = 120 mA, Rise Time = 0.1 ps. Pulse Width = 2 ps 
Critical Rate of Rise of Commutation Voltage 
Vd = Rated V 0 R m # Ixm = 21 A, Commutating 
di/dt = 8 A/ms, Gate Unenergized, Tc = 80°C 










MAC15, MAC15A 


FIGURE 1 - RMS CURRENT DERATING 



= CONDUCTION ANGLE j 
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10 12 14 16 


'T(RMS). rms ON-STATE CURRENT (AMP) 


FIGURE 4 - TYPICAL GATE TRIGGER CURRENT 


-OFF-STATE VOLTAGE = 12 V 



- 5,0 =t=h: 


0 20 40 60 80 100 120 140 

Tj ( JUNCTION TEMPERATURE (°C) 


FIGURE 2 - ON-STATE POWER DISSIPATION 


FIGURE 5 - ON-STATE CHARACTERISTICS 
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'TIRMS)' ON-STATE CURRENT (AMP) 

FIGURE 3 - TYPICAL GATf TRIGGER VOLTAGE 

1 1 - ■[ — 1 — [ OFF-STATE VOLTAGE = 12 V- 


0 20 40 60 80 

Tj ( JUNCTION TEMPERATURE (°C) 



0.4 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 

VTM, INSTANTANEOUS ON-STATE VOLTAGE (VOLTS) 





r(t),TRANSIENT THERMAL RESISTANCE 

(NORMALIZED) lH, HOLDING CURRENT (mA) 


MAC15, MAC15A 






MAC20/MAC2IA 

15 AMPERES RMS 

MAC25/MAC25A 

25 AMPERES RMS 

MAC50/MAC50A 

40 AMPERES RMS 





^~T>o 


SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and consumer applications 
for full-wave control of ac loads such as appliance controls, power 
supplies, solid-state relays, heating controls, motor controls, welding 
equipment, and power switching systems. 

• Electrically Isolated From Mounting Base 
© Isolation Voltage of 2500 Volts RMS 

© Quick Connect/Disconnect Terminals 
© Glass-Passivated and Center Gate Geometry 

• Gate Triggering Guaranteed in Three Modes (MAC20/25/50) 

Four Modes (MAC20A/25A/50A) 


TRIACS 

200-800 VOLTS 



MAXIMUM RATINGS (Tj = -0 to +125°C unless otherwise noted) 


Rating 


Repetitive Peak Off-State Voltage 

1/2 Sine Wave 50 to 60 Hz, Gate Open 
MAC20/25/50-4, MAC20A/25A/50A-4 
MAC20/25/50-5, MAC20A/25A/50A-5 
MAC20/25/50-6, MAC20A/25A/50A-6 
MAC20/25/50-7, MAC20A/25A/50A-7 
MAC20/25/50-8, MAC20A/25A/50A-8 
MAC20/25/50-9, MAC20A/25A/50A-9 
MAC20/25/50-10, MAC20A/25A/50A-1 0 


RMS On-State Current- 

(T c = 100°C for MAC20/A) 
T C = 90°C for MAC25/A) 
(T C = 70°C for MAC50/A) 


Peak Non-Repetitive Surge Current 
(One Full Cycle, 60 Hz) 


Circuit Fusing 

(t = 1 to 8.3 ms) 


Average Gate Power 


Peak Gate Current (10 jus) 


Operating Junction Temperature Range 


Storage Temperature Range 


Symbol 


V DRM 


•T(RMS) 


'TSM 


|2 t 


P G(AV) 


Jgm 


- 200 - 
-300- 
-400- 
-500 - 
-600- 
-700- 
-800- 


90 


0.5 


260 


40 


375 


Amps 


Amps 


A 2 s 


Amps 


°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case (DC) 

(Apparent)' 


Symbol Maximum Value | Unit 


R 0JC 


1.6 

1.3 


1.5 

1.0 


1.4 

0.95 


°C/W 


'Defined as: (1 25°C - Tq) f° r a 60 Hz full sine wave. 
p AV 


STYLE 2. r As ( i 


L_d 

1. MT1 

2. MT2 Ml 

3. GATE N 


& 

*1 


J 


gggLf' 



NOTE: 

1. DIMENSIONS D AND F 
APPLY TO TERM 1 AND 2. 

2. MT1 AND MT2 THICKNESSES ARE A 
NOMINAL 0.032". 

GATE TERMINAL THICKNESS IS A 
NOMINAL 0.020".* 


Case 

T emperature 
Reference Point 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

_ 

1.550 

B 

- 

26.67 

_ 

1.050 

C 

- 

27.30 

_ 

1.075 

D 

6.22 

6.48 

0.245 

0.255 

E 

3.02 

3.33 

0.119 

0.131 

F 

_ 

1.78 

_ 

0.070 

G 

12.19 

12.70 

0.480 

0.500 

J 

29.90 

30.40 

1.177 

1.197 

K 

35.56 

37.08 

1.400 

1.460 

L 

4.57 

4.95 

0.180 

0.195 

M 

35° 

40° 

35° 

40° 

N 

30° 

35° 

30° 

35° 

Q 

3.81 

4.09 

0.150 

0.161 

R 

19.81 

22.35 

0.780 

0.880 

T 

- 

_L52_ 

- 

0.080 


CASE 326-01 


"Gate terminal thickness of .032" is available. Designate a device with .032" terminals by 
adding a T after the device type. For example, MAC20A4T. 
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. MAXIMUM ALLOWABLE CASE TEMPERATURE 


MAC20/MAC20A, MAC25/MAC25A, MAC50/MAC50A 


ELECTRICAL CHARACTERISTICS 

(All voltage polarity reference to MT1 ; applies to either polarity of MT2 to MT1 , Tq - 25°C unless otherwise noted) 


Characteristic 

Symbol 

MAC20/20A 

MAC25/25A 

MAC50/50A 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Peak Blocking Current 

T c = 125°C 

•drm 


- 

2 

- 

- 

2 

_ 

- 

2 

mA 

Vq = Rated Vq R m, Gate Open 

T c = 25°C 


- 

- 

0.1 

- 

- 

0.1 

- 

- 

0.1 


Peak On-State Voltage 


V TM 










Volts 

Pulse Width = 1 ms, Duty Cycle 2% 













ITM = 21 A Peak 

MAC20/20A 



1.3 

1.6 

- 

- 

- 

- 

- 

- 


IjM = 35 A Peak 

MAC25/25A 


- 

- 

- 

- 

1.4 

1.7 

- 

- 

- 


•tM = 56 A Peak 

MAC50/50A 


- 

- 

- 

- 

- 

- 

- 

1.65 

1.75 


Peak Gate Trigger Current 


•gtm 










mA 

Vq = 1 2 Vdc, = 50 Ohms, Pulse Width = 2 jus 













MT2 ( + ), G ( +);MT2 (-),G (-);MT2 ( + ),G (-) 



- 

15 

50 

- 

20 

70 

- 

20 

70 


MT2 (-), G ( + ) 

A Suffix Only 


- 

30 

75 

- 

35 

100 

- 

35 

100 


Peak Gate Trigger Voltage 


V GTM 










Volts 

V q = 1 2 Vdc, R l = 50 Ohms, Pulse Width - 2 jus 













MT2 ( + ), G ( + );MT2 {-), G (-); MT2 ( + ),G (-) 



- 

0.9 

2 

- 

1.1 

2 

- 

1.1 

2 


MT2 (-), G ( + ) 

A Suffix Only 


- 

1.4 

2.5 

- 

1.3 

2.5 

- 

1.3 

2.5 


Vq = Rated V DRM , R L - 10 kft, T C = 125°C 



0.2 

~ 

- 

0.2 

- 


0.2 

- 

- 


Holding Current 


>H 

- 

6 

40 

- 

10 

75 

- 

10 

75 

mA 

Vq = 1 2 Vdc, Gate Open, R|_ = 40 Ohms 













Turn-On Time 


tgt 










MS 

Vq = Rated V DRM- 













Ijm = 1 7 A, 1(3 = 1 20 mA 

MAC20/20A 


- 

1.5 

- 

- 

- 

- 

- 

- 

- 


ITM ~ 25 Adc, 1(3 = 200 mA 

MAC25/25A 


- 

- 

- 

- 

1.5 

- 

- 

- 

- 


1 JM = 56 A, Iq = 200 mA 

MAC50/50A 


- 

- 

- 

- 

- 

- 

- 

1.5 

- 


Critical Rate-of-Rise of Commutation Voltage 


dv/dt(c) 










V/MS 

Vq = Rated V DRM , Ijm = 21 A > 













Commutating di/dt = 8 A/ms, Tq = 100°C 

MAC20/20A 


5 

30 

- 

- 

- 

- 

- 

- 

- 


Vq = Rated Vq R m, >TM = 35 A, 













Commutating di/dt = 16 A/ms, Tq = 90°C 

MAC25/25A 


- 

- 

- 

5 

30 

- 

- 

- 

- 


Vq = Rated Vq R m, Ij^ = 40 A, 













Commutating di/dt = 22 A/ms, Tq = 70°C 

MAC50/50A 


- 

- 

- 

- 

- 

- 

5 

30 

- 


Critical Rate-of-Rise of Off-State Voltage (Exponential Rise) j 

dv/dt 

- 

100 

- 

- 

100 

- 

- 

75 

- 

V/ms 

Vq = Rated Vq R ^, Gate Open, Tq - 125°C 















IT( RMS ). RMS ON-STATE CURRENT (AMPERES) 



•T(RMS)- rms ON-STATE CURRENT (AMPERES) 
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MAC35-1 thru 
MAC35-8,MAC35-I0 

MAC36-lthru 

MAC36-8.MAC36-10 



SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as solid-state relays, light 
dimmers, power supplies, heating controls, motor controls, welding 
equipment and power switching systems; or wherever full-wave, 
silicon gate controlled solid-state devices are needed, 

© 25 Amperes RMS @Tc = 67°C 
© Low On-State Voltage — 1.5 Volts Maximum 
• Glass Passivated Junctions for Maximum Reliability 


TRIAC 

(THYRISTORS) 

25 AMPERES RMS 
25 thru 800 VOLTS 




MAC 35 
CASE 310-01 


MAC 36 
CASE 263-03 


MAXIMUM RATINGS 


Rating 


1 Repetitive Peak Off-State Voltage (1) 1 

(Tj = 110°C) 

' -1 
-2 


-3 

MAC35 

-4 

MAC36 

—5 

-6 

-7 

-8 

l -10 

On-State Current RMS 



Circuit Fusing Considerations 
(Tj = —40 to +1 10°C, 
t = 1 .0 to 8.3 ms) 



Peak Gate Power (2) 

P GM 

5.0 

Average Gate Power 

P G(AV) 

0.5 

Peak Gate Current (2) 

•gm 

2.0 

Operating Junction Temperature Range 

Tj 

-40 to +1 10 

Storage Temperature Range 

T stg 

-40 to +150 




THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction-to-Case 


Stud Torque 


0)For either direction of blocking voltage. Vqrm for all types can be applied on a con- 
tinuous dc basis without incurring damage. Ratings apply for open gate conditions. 
Thyristor devices shall not be tested with a constant current source for blocking cap- 
ability such that the voltage applied exceeds the rated blocking voltage. 

(2) Tj = 11 0°C, 1 .0 second maximum duration; 5.0% duty cycle, l-j-M =10 Amps. 
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MAC35-1 thru MAC35-8, MAC35-10/MAC36-1 thru MAC36-8, MAC36-10 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Blocking gurrent (Either Direction) 

Rated V DRM @Tj = 110°C 

■drm 



4.0 

mA 

On-State Voltage (Either Direction) 

IjM = 35 A Peak 


- 

1.3 

1.5 

Volts 

Gate Trigger Current, Continuous dc (1) 

Main Terminal Voltage - 7.0 Vdc, R|_ = 47 ohms 

MT2(+)G(+); MT2(-)G(-) 

MT2(+)G(-); MT2(-)G(+) 

'gt 

•gt 

- 


75 

100 

mA 

mA 

Gate Trigger Voltage, Continuous dc (1) 

Main Terminal Voltage = 7.0 Vdc, R[_ = 47 ohms 

MT2(+)G(+); MT2(-)G(-) 

MT2(+) G(-); MT2(-)G(+) 

Vgt 

V GT 

- 

H 

3.0 

3.0 

Volts 

Volts 

Gate Trigger Voltage, Continuous dc - All Modes 

Main Terminal Voltage = Rated Vqpm, R|_ = 100 ohms, Tj = 1 10°C 

V GD 

0.2 

- 

- 

Volt 

Holding Current (Either Direction) 

Main Terminal Voltage = 7.0 Vdc, Gate Open, 

Initiating Current =150 mA 

'H 





Turn-On Time 

ITM = 25 Adc, 1(37 = 200 mA 

fon 

- 

1.0 

- 

us 

Critical Forward Voltage Application Rate (Exponential Rise 
of Voltage) 

@ Vdrm. Tj = 1 10°C, Gate Open 

dv/dt 






FIGURE 1 - MAXIMUM THERMAL RESPONSE 
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P(AV), AVERAGE POWER (WATTS) 2 Tq, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 



'T (RMS). RMS ON-STATE CURRENT (AMP) 








MAC35-1 thru MAC35-8, MAC35-10/MAC36-1 thru MAC36-8, MAC36-10 


FIGURE 8 - MAXIMUM ON-STATE CHARACTERISTICS 


FIGURE 9 - MAXIMUM MULTI-CYCLE SURGE RATING 




FIGURE 10 - TYPICAL HOLDING CURRENT 



FIGURE 11 - TYPICAL GATE TRIGGER CURRENT 


FIGURE 12 - TYPICAL GATE TRIGGER VOLTAGE 
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MAC37-1 thru MAC37-7 (silicon) 
MAC38-1 .h. MAC38-7 



SILICON BIDIRECTIONAL THYRISTORS 

. . . designed primarily for industrial and military applications for the 

control of ac loads in applications such as light dimmers, power sup- 

plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 

solid-state devices are needed. 

• .Glass Passivated and Center Gate Fire 

• 25 Amperes R MS @ Tc = 67°C 

• Isolated Stud Available 


MAXIMUM RATINGS 


, Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off -State Voltage (1) 

(Tj = 1 10°C) -1 

-2 

MAC37 

MAC38 Z 

— o 

-6 

-7 

V DRM 

25 

50 

100 

200 

300 

400 

500 

Volts 

On-State Current RMS 


25 

Amp 

Peak Surge Current 
(One Full cycle, 60 Hz, 

Tj = -40 to +1 10°C) 

'tsm 

225 

Amp 

Circuit Fusing Considerations 
(Tj = -40 to +1 10°C, 
t = 1.0 to 8.3 ms) 

|2 t 

210 

A 2 S 

Peak Gate Power (2) 

P GM 

5.0 

Watts 

Average Gate Power 

p G(AV) 

0.5 

Watt 

Peak Gate Current 12) 

'GM 

2.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

Storage Temperature Range 

T stg 

—40 to +150 

°C 

Stud Torque 

- 

30 

in. lb. 


U) For either direction of blocking voltage. Vqrm for all types can be applied on a con- 
tinuous dc basis without incurring damage. Ratings apply for open gate conditions. 
Thyristor devices shall not be tested with a constant current source for blocking cap- 
ability such that the voltage applied exceeds the rated blocking voltage. 

I2)jj = 11 0°C, 1 .0 second maximum duration; 5.0% duty cycle, I = 10 Amp. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.0 

°C/W 


H*r 


TRIAC 

(THYRISTORS) 

25 AMPERES RMS 
25 thru 500 VOLTS 
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MAC37-1 thru MAC37-7/MAC38-1 thru MAC38-7 (continued) 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Blocking Current (Either Direction) 

Rated V DRM @ T] = 1 10°C 

>DRM 

- 

- 

2.0 

mA 

On-State Voltage (Either Direction) 

•TM = 35 A Peak 

Vtm 

- 

1.4 

1.9 

Volts 

Gate Trigger Current, Continuous dc (1) 

Main Terminal Voltage = 7.0 Vdc, Rj_ = 47 ohms 
MT2(+)G(+);MT2(-)G(-) 


- 

20 

75 

mA 

mA 

Gate Trigger Voltage, Continuous dc (1) 

Main Terminal Voltage = 7.0 Vdc, Rl = 47 ohms 

MT2(+)G(+); MT2(-)G(-) 

V GT 



3.0 

Volts 

Gate Trigger Voltage, Continuous dc - MT2(+) G(+); MT2(-) G(-) 

Main Terminal Voltage = Rated Vqrm* r L = 100 ohms, Tj = 1 10°C 

V GD 

0.2 

- 

- 

Volt 

Holding Current (Either Direction) 

Main Terminal Voltage = 7.0 Vdc, Gate Open, 

Initiating Current =150 mA 

'H 

— 




Turn-On Time 

ITM = 25 Adc, Iqy = 200 mA 

fon 

- 

1.0 

- 

MS 

Critical Forward Voltage Application Rate (Exponential Rise 
of Voltage) 

@ Vqrm, Tj = 1 10°C, Gate Open 

dv/dt 

" 

100 


V/ms 


^ ^ ^ All voltage polarity reference to main terminal 1. 


FIGURE 1 - MAXIMUM THERMAL RESPONSE 

































MAC37-1 thru MAC37-7/MAC38-1 thru MAC38-7 (continued) 



FIGURE 2 - AVERAGE CURRENT DERATING 



FIGURE 4 - AVERAGE CURRENT DERATING 



FIGURE 3 - RMS CURRENT DERATING 



0 5.0 10 15 20 25 


IT (RMS). RMS ON-STATE CURRENT (AMP) 


FIGURE 5 - RMS CURRENT DERATING 



It (RMS). RMS ON-STATE CURRENT (AMP) 



FIGURE 7 - POWER DISSIPATION versus RMS CURRENT 



l T (AV), AVERAGE ON-STATE CURRENT (AMP) 


IT (RMS). RMS ON-STATE CURRENT (AMP) 








NORMALIZED GATE TRIGGER CURRENT iTM, INSTANTANEOUS ON-STATE CURRENT (AMP) 






MAC92-1 

thru 

MAC92-8 






r 




SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed for use in solid state relays, TTL logic and light indus- 
trial applications. Supplied in an inexpensive plastic TO-92 package 
which is readily adaptable for use in automatic insertion equipment. 

9 Sensitive Gate Triggering Guaranteed in Three Modes 
© One-Piece, Injection-Molded Unibloc A Package 


MAXIMUM RATINGS 


Rating 

' Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage 

V DRM 


Volts 

(Tj = -40 to +110°C)‘ 




V 2 Sine Wave 50 to 60 Hz, Gate Open 




MAC92 - 1 


30 


-2 


60 


-3 


100 


-4 


200 


-5 


300 


-6 


400 


- 7 


- 500 


-8 


600 


On-State RMS Current 

'T(RMS) 


Amp 

Full Cycle Sine Wave 50 to 60 Hz, 




(T c = +50°C) 


0.8 , 


Peak Non-Repetitive Surge Current 

! tsm 

8.0 

Amp 

(One Full Cycke, 60 Hz, T c = +50°C) 




preceded and followed by rated 




current 




Circuit Fusing Considerations 

|2 t 


a2s 

(Tj = -40 to +1 10°C, t = 1 .0 to 8.3 ms) 


0.26 


Average Gate Power 

P G(AV) 

0.01 

Watt 

Peak Gate Current 

*GM 

1.0 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

75 

°C/W 

Thermal Resistance, Junction to 

Ambient 

r 0JA 

200 

°c/w 

^Trademark of Motorola Inc. 


TRIACS 


0.6 AMPERE RMS 
30-600 VOLTS 




STYLE 12 

PIN 1. MAIN TERMINAL 1 

2. GATE 

3. MAIN TERMINAL 2 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

R 

4.44 

5.21 

0 175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.41 

0.56 

0.016 

0.022 

F 

0.41 

0.48 

0.016 

0.019 

G 

1.14 

1.40 

0.045 

0.055 

H 

_ 

2.54 

- 

0.100 

J 

2.41 

2.67 

0.095 

0.105 

K 

12.70 

_ 

0.500 

- 

L 

G.35 

_ 

0.250 

- 

N 

2.03 

2.92 

0.080 

0.115 

P 

2.92 

- 

0.115 

- 

R 

3.43 

- 

0.135 

- 

S 

0.36 

0.41 

0.014 

0.016 


All JEDEC dimensions and notes apply. 
CASE 29-02 
TO-92 
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Vgt, gate TRIGGER VOLTAGE (VOLTS) 


MAC92-1 thru MAC92-8 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, and Either Polarity of MT2 to MT1 Voltage unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Blocking Current 

•drm 



mA 

Vq = Rated Vqrm @ Tj = 1 10°C, Gate Open 

- 

100 


Peak On-State Voltage 

V TM 



Volts 

•tM = 1.0 A Peak; Pulse Width = 1.0 to 2.0 ms. Duty Cycle < 2.0% 


- 

1.9 


Gate Trigger Current, Continuous dc 

Vq = 7.0 Vdc, R l = 100 Ohms 

MT2(+), G(+); MT2(-), G(-), MT2(+), G(-) 

'GT 


5.0 

mA 

Gate Trigger Voltage, Continuous dc 

V GT 



Volts 

V D = 7.0 Vdc, R L = 100 Ohms 

Minimum Gate Pulse Width = 2.0 ns 





MT2(+), G(+); MT2I-), G(-), MT2I+), G(-) 


- 

2.5 


MT2(+), G(+); MT2{-). G(-), MT2(+), G(-); T c = -40°C 


- 

3.5 


Vq = Rated V DRM> R L = 10 k ohms, Tj - 1 10°C 

MT2(+), G(+); MT2(-)/g(-) 


0.1 

_ 


Holding Current 

«H 



mA 

Vq = 7.0 Vdc, Gate Open; T c = 25°C 


- 

10 


Initiating Current = 20 mA Tc = -40°C 


- 

20 



FIGURE 1 - TYPICAL GATE TRIGGER 
VOLTAGE 


FIGURE 2 - TYPICAL GATE TRIGGER 
CURRENT 




Tj, JUNCTION TEMPERATURE (°C) 
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PAV. AVERAGE POWER (WATTS) Ta, AMBIENT TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 












MBS4991 

MBS4992 




BIDIRECTIONAL DIODE THYRISTORS 


. . . designed for full-wave triggering in Triac phase control circuits, 
half-wave SCR triggering application and as voltage level detectors. 
Supplied in an inexpensive plastic TO-92 package for high-volume 
requirements, this low-cost plastic package is readily adaptable for use 
in automatic insertion equipment. 


Low Switching Voltage - 8.0 Volts Typical 
Uniform Characteristics in Each Direction 
Low On-State Voltage - 1.7 Volts Maximum 
Low Off-State Current - 0.1 juA Maximum 
Low Temperature Coefficient - 0.02 %/°C Typical 


SILICON 

BIDIRECTIONAL SWITCH 
(PLASTIC) 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Power Dissipation 

PD 

500 

mW 

DC Forward Current 

If 

200 

mA 

DC Gate Current (off-state only) 

l G <off) 

5.0 

mA 

Repetitive Peak Forward Current 


2.0 

Amp 

(1.0% Duty Cycle, 10 pis Pulse 

Width, T A = 100°C) 




Non-Repetitive Forward Current 

, FMl nonre Pl 

6.0 

Amp 

10 us Pulse Width. T a = 25°C 




Operating Junction Temperature 

Tj 

-55 to +125 

°C 

Range 




Storage Temperature Range 

T stg 

-65 to +150 

°C 






r 

L_F 


T B r' 
T 

LL 


! f H 

T 


r ♦ 

F— 


T L 

_i K 

j 


1 

D— — 

Hi 1 D 

ft? ■ 


4- o-6-o 
V 2 2 j 

— J N 


S 

1 

SECT. A-A , 


trr 


STYLE 12: 

PINT MAIN TERMINAL 1 

2. GATE 

3. MAIN TERMINAL 2 



mm 

heebi 

mm 

1!IIW 


m 

u^hv.m 

Efl 

ng 

A-fcki' 

mm 

fulfil 

Oi 

wxm 

mwiu 

fcurU 

wxm 

a 

»lli 

ora 

iiirra 

BIEl 

Oi 


ora 

inriira 


a 

m\mu 

■EE1 

iiiiira 


wm 

mn 

■EH 


iiXiira 

Oi 

■eh 

EE 1 


liinni 

m 


Kill 

■mull 


Oi 

mill 


EES! 

■1 



■E 

upti 

WWBM 

S3 



imra 

itura 



^E 

rara 

hh 

ral 


o 

OKI 

■Hi 

Oi 


mrm 

limiEi 

OilTl 


All JEDEC dimensions and notes apply. 

CASE 29-02 
TO-92 
PLASTIC 
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SWITCHING VOLTAGE (NORMALIZED) 


MBS4991, MBS4992 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

I 

Typ 

Max 

Unit 

Switching Voltage 


V S 




Vdc 


MBS4991 


6.0 

8.0 

10 



MBS4992 


7.5 

8.0 

9.0 


Switching Current 


■s 




MAdc 


MBS4991 


- 

175 

500 



MBS4992 


- 

90 

120 


Switching Voltage Differential 


l v S1" v S2l 




Vdc 


MBS4991 


- 

0.3 

0.5 



MBS4992 


- 

0.1 

0.2 


Gate Trigger Current 


•gf 




MAdc 

(Vp = 5.0 Vdc R L = 1.0 K ohm) 

MBS4992 


~ 

- 

100 


Holding Current 


«H 




mAdc 


MBS4991 


- 

0.7 

1.5 



MBS4992 


- 

0.2 

0.5 


Off-State Blocking Current 


'b 




MAdc 

(Vp = 5.0 Vdc, T a = 25°C) 

MBS4991 


- 

0.08 

1.0 


(Vp = 5.0 Vdc, T a = 85°C) 

MBS4991 


- 

2.0 

10 


(V F = 5.0 Vdc, T a = 25°C) 

MBS4992 


- 

0.08 

0.1 

> 

(Vp = 5.0 Vdc, T a = 100°C) 

MBS4992 

; 

~ 

6.0 

10 


Forward On-State Voltage 


Vp 




Vdc 

(Ip = 175 mAdc) 

MBS4991 


- 

1.4 

1.7 


(Ip = 200 mAdc) 

MBS4992 

. . . 

- 

1.5 

1.7 


Peak Output Voltage (C c = 0.1 nF, Rj_ = 

20ohms, (Figure 7) 

Vo 

3.5 

4.8 

- 

Vdc 

Turn-On Time (Figure 8) 

ton 

- 

1.0 

- 

MS 

Turn-Off Time (Figure 9) 

toff 

- 

30 

- 

MS 

Temperature Coefficient of Switching Voltage (-50 to +1 25°C) 

Is i 

- 

+0.02 

- 

%/°C 


TYPICAL ELECTRICAL CHARACTERISTICS 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 - SWITCHING CURRENT versus TEMPERATURE 



-75 -50 -25 0 +25 +50 +75 +100 +125 


Ta, AMBIENT TEMPERATURE (°C) 
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MBS4991, MBS4992 


FIGURE 3 - HOLDING CURRENT versus TEMPERATURE FIGURE 4 - OFF-STATE BLOCKING CURRENT 

versus TEMPERATURE 



TA, AMBIENT TEMPERATURE (°C) Ta. ambient TEMPERATURE (°C) 


FIGURE 5 - ON-STATE VOLTAGEversus FORWARD CURRENT FIGURE 6 - PEAK OUTPUT VOLTAGE (FUNCTION OF R L AND C c ) 



Vf. FORWARD ON-STATE VOLTAGE (VOLTS) C c . CHARGING CAPACITANCE (mF) 


FIGURE 7 - PEAK OUTPUT VOLTAGE TEST CIRCUIT 








MCR63-1 thru 10 
MCR64-1 thru 10 
MCR654 thru 10 


REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed for industrial and consumer applications such as power 
supplies; battery chargers; temperature, . motor, light, and welder 
controls. 

® Economical for a Wide Range of Uses 

• High Surge Current — Ijsm = 550 Amp 

• Rugged Construction in Either Pressfit, Stud, or Isolated Stud 

• Glass Passivated Junctions for Maximum Reliability 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward and Reverse 
Blocking Voltage 

MCR63 
MCR64 < 
MCR65 

r - 1 
-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

V. -10 

V DRM (1) 

or 

V RRM 

25 

50 

100 

200 

300 

400 

500 

600 

700 

800 

Volts 

Non-Repetitive Peak Reverse 

Blocking Voltage 
(tS 5.0 ms) 

MCR63 
MCR64 < 
MCR65 

f - 1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 

^ :?o 

V RSM 

35 

75 

150 

300 

400 

500 

600 

700 

800 

900 

Volts 

Forward Current RMS 

•t(rms) 

55 

Amp 

Peak Surge Current 

(One cycle, 60 Hz) (Tj = -40 to +125°C) 

■tsm 

550 

Amp 

Circuit Fusing Considerations 
(Tj = -40 to + 125°C)(t = 1.0 to 8.3 ms) 

|2 t 

1255 

A2s 

Peak Gate Power 

, P GFM 

20 


Average Gate Power (Pulse Width < 2 ms) 

P GF (AV) 

0.5 

Watt 

Peak Forward Gate Current 

'GFM 

2.0 

Amp 

Peak Gate Voltage — Forward 

Reverse 

Vgfm 

v grm 

10 

10 

Volts 

Operating Junction T emperature Range 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque 

- 

30 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Pressfit and Stud 

Isolated Stud 



°C/W 


for all types can be applied on a continuous dc basis without incurring damage 
Ratings apply for zero or negative gate voltage. Devices shall not have a positive bias applied 
to the gate concurrently with a negative potential on the anode. 


SILICON CONTROLLED 
RECTIFIER 


55 AMPERES RMS 


25-800 VOLTS 




MCR63 series 


STYLE 1 

1. CATH00E 

2. GATE 
CASE. ANODE 




mansm 


EM 

I.'I.V 

cm 

B.'.FiV 




bthttb 

nra 





BEa 

mm 

■F1H 

BB 

CEa 


■a 

ME1 

■m 

liTHTil 

■'I'iMl 

— 





MM 

■HH 

nm 


■ESDI 

w 

mmm 

ITTiTJ 


Uil 

o 

K3 


HE3 

BUI 


CASE 310-01 



MCR65 series 

STYLE I- 

1. CATHODE 

2. GATE 

3. ANODE 




CASE 311 01 



MCR64 series 


STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MlN 

MAX 

A 

15 34 

15.60 

0.604 

0.614 

p 

14 00 

14.20 

0.551 

0.559 

c 

26.67 

30.23 

1.050 

1.190 

F 

3.43 

4.06 

0.135 

0.160 

H 

2.2! 

REF 

0.09 

) REF 

J 

10.67 

11.56 

0.420 


K 

15.75 

17.02 

0.620 


L 

7.62 

8.86 

6300 



1.40 

2.16 

1055 


“TT 

1.6! 

REF 

0.06 


T 

~IU3l 

12.83 

0.5011 



CASE 263-03 
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T C , MAXIMUM CASE TEMPERATURE (°C) 


MCR63-1 thru 10, MCR64-1 thrulO, MCR65-1 thrulO 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Peak Forward Blocking Current 

(Vq = Rated VqrM' with 9 ate °P en . Tj = 125°C) 


Peak Reverse Blocking Current 

(V R = Rated V RR m, with gate open, Tj = 125°C) 


Forward "On” Voltage 
(l TM - 175 A Peak) 


Gate Trigger Current (Continuous dc) 
(V D = 12 V, R l = 50 n) 


Gate Trigger Voltage (Continuous dc) 

(V[j = 12 V, R l = 50 n) 

(V D = Rated VnRM, Rl = 1 .0 kfi. T. = 125°C) 


Holding Current 

( V D = 12 V, R l = 50 n, Gate Open) 


Forward Voltage Application Rate 
(Tj = 125°C, V D = Rated V DRM ) 
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MCR100 series 



REVERSE BLOCKING TRIODE THYRISTORS 

PNPN devices designed for high volume, line-powered consumer 
applications such as relay and lamp drivers, small motor controls, 
gate drivers for larger thyristors, and sensing and detection circuits. 
Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current — 200 jiA Maximum 

• Low Reverse and Forward Blocking Current — 

100 juA Maximum, Tq = 125°C 

• Low Holding Current — 5.0 mA Maximum 

® Glass-Passivated Surface for Reliability and Uniformity 
® Also Available with TO-5 or TO-18 Lead Form 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

MCR 100-3 
MCR 100-4 
MCR 100-5 
MCR 100-6 

MCR 100-7 
MCR 100-8 

Vrrm 

100 

200 

300 

400 

500 

600 

Volts 

Forward Current RMS (See Figures 1 & 2) 

(All Conduction Angles) 

'T(RMS) 

0.8 

Amp 

Peak Forward Surge Current, T a = 25°C 
( 1 /2 cycle. Sine Wave, 60 Hz) 

•tsm 

10 

Amp 

Circuit Fusing Considerations, T/^ = 25°C 
(t = 1.0 to 8.3 ms) 

|2 t 

0.415 

A2s 

Peak Gate Power — Forward, T^ = 25°C 

P GM 

0.1 

Watt 

Average Gate Power — Forward, T /\ = 25°C 

P GF(AV) 

0.01 

Watt 

Peak Gate Current — Forward, T/\ = 25°C 
(300 ms, 120PPS) 

•gfm 

1.0 

Amp 

Peak Gate Voltage - Reverse 

V GRM 

5.0 

Volts 

Operating Junction Temperature Range @ Rated 

Vrrm and V DRM 

Tj 

-40 to +125 

°C 

Storage Temperature Range 

T stg 

-40 to +1 50 

°C 

Lead Solder Temperature 

(<1/16" from case, 10s max) 

- 

+230 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

75 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

200 

°c/w 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 


0.8 AMPERE RMS 
100 to 600 VOLTS 




3. ANODE 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0 170 

0.210 

B 

4.44 

5.21 

0.175 

0.205 

C 

3 18 

4.19 

0.125 

0.165 

D 

0.41 

0 56 

0.016 

0.022 

F 

0.41 

0.48 

0 016 

0.019 

~G\ 

1.14 

1.40 

0 045 

0.055 

H 

_ 

2 54 

- 

0.100 

J 

2*1 

2.67 

0.095 

0.105 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2.92 

0.080 

0.115 

P 

2.92 

- 

0.115 

- 

R 

3.43 

- 

0.135 

- 

S 

0.36 

0.41 

0.014 

0.016 


All JEDEC dimensions and notes apply. 
CASE 29-02 
TO-92 
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MCR 100 series 


ELECTRICAL CHARACTERISTICS (Rqk = 1000 Ohms) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Voltage 


V DRM 



Volts 

(T c = 1 25°C) 

MCR 100-3 


100 




MCR100-4 


200 




MCR 100-5 


300 




MCR100-6 


400 




MCR 100-7 


500 




MCR 100-8 


600 



Peak Forward Blocking Current 


•drm 

- 

100 

mA 

(Rated V DRM @ T c = 125°C) 






Peak Reverse Blocking Current 


1 RRM 

- 

100 

HA 

(Rated V RRM @ T c = 125°C) 






Forward "On” Voltage (Note 1 ) 


V TM 

- 

1.7 

Volts 

(ITM = 1-0 A peak @ T^ = 25°C) 






Gate Trigger Current (Continuous dc) (Note 2) 

T c = 25°C 

'GT 

- 

200 

MA 

(Anode Voltage = 7.0 Vdc, R j_ = 100 Ohms) 






Gate Trigger Voltage (Continuous dc) 

T c = 25°C 

V GT 

- 

0.8 

Volts 

(Anode Voltage = 7.0 Vdc, Rl = 100 Ohms) 

T c = -40°C 


- 

1.2 


(Anode Voltage = Rated Vq R |v], Rl = 100 Ohms) 

T c = 1 25°C 


0.1 

- 


Holding Current 

T c = 25°C 

'H 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) 

T c = -40°C 


- 

10 



NOTE: 

1 . Forward current applied for 1 .0 ms maximum duration, duty cycle 1 .0%. 

2. Rqk current is not included in measurement. 


FIGURE 1 - CURRENT DERATING 


FIGURE 2 - CURRENT DERATING 


(REFERENCE: CASE TEMPERATURE) 


(REFERENCE: AMBI ENT TEMPERATURE) 



lT(AV). AVERAGE ON-STATE CURRENT (AMP) 



0 0.1 0.2 0.3 0.4 


lT(AV). AVERAGE ON-STATE CURRENT (AMP) 
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MCI l(il 
thru 

MCR104 


A O — IrajW 



j IX 


REVERSE BLOCKING TRIODE THYRISTOR 

. . . Annular* PNPN devices designed for low cost, high volume con- 
sumer applications such as relay and lamp drivers, small motor 
controls, gate drivers for larger thyristors, and sensing and detection 
circuits. Supplied in an inexpensive plastic TO-92 package which is 
readily adaptable for use in automatic insertion equipment. 

© Sensitive Gate Trigger Current — 200 (jlA Maximum 

® Low Reverse and Forward Blocking Current — 

100 /iA Maximum, Tq = 85°C 
© Low Holding Current — 5.0 mA Maximum 
® Passivated Surface for Reliability and Uniformity 
© Also available with TO-5 or TO-18 Lead Form 


MAXIMUM RATINGS^) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

V RRM 


Volts 

(R GK = 1 000 ohms, T C = +85°C) MCR 1 01 


15 


MCR102 


30 


MCR 1 03 


60 


MCR 104 


100 


Forward Current RMS (See Figures 1 8c2) 

•t(rms) 

0.8 

Amp 

(All Conduction Angles) 




Peak Forward Surge Current, = 25°C 

>TSM 

10 

Amp 

(1/2 cycle. Sine Wave, 60 Hz) 




Circuit Fusing Considerations, = 25°C 

|2 t 

0.415 

a2 s 

(t = 1.0 to 8.3 ms) 




Peak Gate Power — Forward, T/\ = 25°C 

P GM 

0.1 

Watt 

Average Gate Power — Forward, T/\ = 25°C 

P G( AV) 

0.01 

Watt 

Peak Gate Current - Forward, 1 j\ = 25°C 

'GM 

1.0 

Amp 

(300 ms, 120PPS) 




Peak Gate Voltage — Reverse 

V GM 

4.0 

Volts 

Operating Junction Temperature Range @ Rated 

Tj 

-65 to +85 

°C 

Vrrm and V DRM 




Storage Temperature Range 

T stg 

-65 to +150 

°C 

Lead Solder Temperature 

- * 

+230 

°C 

(<1/16" from case, 10 s max) 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0jc 

75 

o 

o 

Thermal Resistance, Junction to Ambient 

r 0JA 

200 

°C/W 


^Annular Semiconductor Patented by Motorola Inc. 

( 1 ) Temperature reference point for all case temperature is center of flat 
portion of package. 

(Tq = +85°C unless otherwise noted.) 


SILICON 

CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
15 thru 100 VOLTS 




STYLE 10- 

PIN 1. CATHODE 

2. GATE 

3. ANODE 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.44 

5 21 

0 175 

0 205 

C 

3 18 

4.19 

0 125 

0 165 

D 

0.41 

0.56 

0.016 

0.022 

F 

0.41 

0 48 

0016 

0.019 

G 

1 14 

1.40 

0 045 

0.055 

H 

- 

2.54 

- 

0.100 

J 

■ 2.41 

2.67 

0.095 

0.105 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2 92 

0 080 

0.115 

P 

2.92 

- 

0.115 

- 

R 

3.43 

- 

0 135 

- 

S 

0.36 

0.41 

0 014 

0.016 


All JEDEC dimensions and notes apply. 
CASE 29-02 
TO-92 
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MCR101 thru MCR104 


ELECTRICAL CHARACTERISTICS (R G K = 1000 Ohms) 

Characteristic 




MCR106-1 

thru 

MCR106-8 


«o ►K=S° 


REVERSE BLOCKING TRIODE THYRISTORS 

. . . PNPN devices designed for high volume consumer applications 
such as temperature, light, and speed control; process and remote 
control, and warning systems where reliability of operation is 
important. 

• Glass-Passivated Surface for Reliability and Uniformity 

• Power Rated at Economical Prices 

• Practical Level Triggering and Holding Characteristics 

© Flat, Rugged, Thermopad A Construction for Low Thermal Resist- 
ance, High Heat Dissipation and Durability. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 
(Note 1 ) MCR 106-1 

' -2 
-3 
-4 
-5 
-6 
-7 
-8 

V RRM 

30 

60 

100 

200 

300 

400 

500 

600 

Volts 

RMS Forward Current 
(All Conduction Angles) 

'T(RMS) 

4.0 

Amp 

Average Forward Current 

T c = 93°C 

T A = 30°C 

'T(AV) 

2.55 

0.68 

Amp 

Peak Non-Repetitive Surge Current 
(1/2 cycle, 60 Hz, Tj = -40 to +1 1 0°C) 

•tsm 

25 

Amp 

Circuit Fusing Considerations 

(Tj = -40 to +1 10°C, t = 1.0 to 8.3 ms) 

|2 t 

2.6 

A2s 

Peak Gate Power 

P GM 

0.5 

Watt 

Average Gate Power 

P G(AV) 

0.1 


Peak Forward Gate Current 

*GM 

0.2 

W2EM 

Peak Reverse Gate Voltage 


6.0 


Operating Junction Temperature Range 

Tj 


°c 

Storage Temperature Range 

T stg 

-40 to +150 

°c 


- 

6.0 

in. lb. 


THERMAL CHARACTERISTICS 



HSEE9 

hbbh 

■ 


■ 



■■bibb^h 

■ 


mmi 


SILICON CONTROLLED 
RECTIFIERS 

4.0 AMPERES RMS 
30 thru 600 VOLTS 




STYLE 2 

PIN 1. CATHODE 

2. ANODE 

3. GATE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 


El 

7.49 

7.75 


oem 

c 

-.2-41 

2.67 

IiKitsfafr 

OEM 

D 

ia 

■»MiB 

lillHil 

OEM 

F 

2.92 

3.18 

0.115 

■iim 

G 

2.31 

2.46 

iilifilB 

OEM 

H 

1.27 

2.41 



J 



Bum 

■iIiVU 

K 

15.11 

16.64 

0.595 

0 655 

MM 

3 

TYP 

3° T 

YP 

El 

3.76 

4.01 

M 

■I1H« 

R 



BEEI 

OEM 

S 


BE1 

0.025 

0.035 

U 

3.68 

3.94 


iliml 

m 


- 

■hihw 

- 


CASE 77-04 


^Trademark of Motorola Inc. 
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MCR106-1 thru MCR106-8 


ELECTRICAL CHARACTERISTICS (Tq = 25°C and Rq« = 1000 ohms unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Voltage 

V DRM 




Volts 

(Tj = 1 10°C, Note 1 ) MCR 106-1 


30 

- 

- 


-2 


60 

- 

- 


-3 


100 

- 

- 


-4 


200 

- 

- 


-5 


300 

- 

- 


-6 


400 

- 

- 


-7 


500 




-8 


600 




Peak Forward Blocking Current 

•drm 

- 

- 

200 

mA 

(Rated V DRM , Tj = 110°C) 






Peak Reverse Blocking Current 

•rrm 

- 

- 

200 

mA 

(Rated V RRM , Tj = 110°C) 






Forward "On” Voltage 

V TM 

- 

- 

2.0 

Volts 

( IjM = 4-0 A Peak) 






Gate Trigger Current (Continuous dc) Note 3 

•gt 




MA 

(V A k = 7-0 Vdc, R L = 100 ohms) 


- 

- 

200 


(V A k = 7.0 Vdc, R|_ = 100 ohms, T c = -40°C) 


- 

- 

500 


Gate Trigger Voltage (Continuous del 

V GT 

- 

- 

1.0 

Volts 

(V A k = 7.0 Vdc, R L - 100 ohms, T c = 25°C) 






Gate Non-Trigger Voltage 

V GD 

0.2 

- 

- 

Volts 

(V A k= Rated V DRM , Rl = 100 ohms, Tj = 110°C) 






Flolding Current 

'H 

- 

- 

5.0 

mA 

(V A k = 7.0 Vdc, T C = 25°C) 






Forward Voltage Application Rate 

dv/dt 

- 

10 

- 

V/ M s 

(Tj = 110°C) 

1 






NOTES 

1. Ratings apply for zero or negative gate voltage but positive 
gate voltage shall not be applied concurrently with a negative 
potential on the anode. When checking forward or reverse 
blocking capability, thyristor devices should not be tested with 
a constant current source in a manner that the voltage applied 
exceeds the rated blocking voltage. 


2. Torque rating applies with use of torque washer (Shakeproof 
WD19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. Anode 
lead and heatsink contact pad are common. (See AN-290 B) 

For soldering purposes (either terminal connection or device 
mounting), soldering temperatures shall not exceed +225°C. For 
optimum results, an activated flux (oxide removing) is recommended. 



3. Rqk current is not included in measurement. 

CURRENT DERATING 



lT(AV), AVERAGE FORWARD CURRENT (AMP) 



Ij(AV). AVERAGE FORWARD CURRENT (AMP) 
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MCR115 

MCR120 




A O 

Wn 0 K 



REVERSE BLOCKING TRIODE THYRISTORS 

. . . Annular* PNPN devices designed for high volume consumer 
applications such as relay and lamp drivers, small motor controls, gate 
drivers for larger thyristors, and sensing and detection circuits. 
Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

© Sensitive Gate Trigger Current — 200 juA Maximum 
® Low Reverse and Forward Blocking Current — 

100 11 A Maximum, Tq = 1 10°C 

• Low Holding Current — 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 
® Also Available with TO-5 or TO-18 Lead Form 


MAXIMUM RATINGS^) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Blocking Voltage 

MCR115 

MCR120 

V RRM 

150 

200 

Volts 

Forward Current RMS (See Figures 1 & 2) 

(All Conduction Angles) 

•T(RMS) 

0.8 

Amp 

Peak Forward Surge Current, T/\= 25°C 
(1/2 cycle. Sine Wave, 60 Hz) 

•tsm 

10 

Amp 

Circuit Fusing Considerations, T-^ = 25°C 
(t = 1.0 to 8.3 ms) 

|2 t 

0.415 

A2s 

Peak Gate Power — Forward, T^ = 25°C 

P GM 

0.1 

Watt 

Average Gate Power — Forward, = 25°C 

P GF(AV) 

0.01 

Watt 

Peak Gate Current — Forward, T/\ = 25 t, C 
(300 ps, 120PPS) 

>GFM 

1.0 

Amp 

Peak Gate Voltage — Reverse 

V GRM 

5.0 . 

Volts 

Operating Junction Temperature Range @ Rated 
Vrrm and V DRM 

T] 

-65 to +110 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Lead Solder Temperature 

(<1/16" from case, 10 s max) 

~ 

+230 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0 JC 

75 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°C/W 


♦An nular Semiconductor Patented by Motorola Inc. 

(1 ) Temperature reference point for all case temperatures in center of flat portion 
of package. (Tq = +1 10°C unless otherwise noted.) 


PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
100 and 200 VOLTS 



p — j B 


SEATING ~T 
PLANE 7 






STYLE 10: 

PIN 1. CATHODE 
2. GATE 


*4s 3 anooe 


DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.44 

5.21 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

. 0.41 

0.56 

0.016 

0.022 

F 

0.41 

0.48 

0.016 

0.019 

G 

1.14 

1.40 

0.045 

0.055 

H 

- 

2.54 

- 

0.100 

J 

2.41 

2.67 

0.095 

0.105 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0.250 

- 

N 

2.03 

2.92 

0.080 

0.115 

P 

2.92 

- 

0.115 

- 

R 

3.43 

_ 

0.135 

_ 

S 

0.36 

0.41 

0.014 

0.016 


All JEDEC dimensions and notes apply. 
CASE 29-02 
TO-92 
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TC. MAXIMUM ALLOWABLE 


MCR115, MCR120 


ELECTRICAL CHARACTERISTICS (Rqk = 1000 Ohms) 


Characteristic | 

Symbol 

Min 

Max 


Peak Forward Blocking Voltage (Note 1) 


V DRM 



Volts 

(T c - 110°C) 

MCR115 


150 

- 



MCR120 


200 

- 


Peak Forward Blocking Current 


'drm 

- 

100 

PA 

(Rated V DRM @T C = 110°C) 






Peak Reverse Blocking Current 


Irrm 

- 

100 

MA 

(Rated V RRM @T C = 110°C) 






Forward "On" Voltage (Note 2) 


v tm 

- 

1.7 

Volts 

( l TM = 1 -0 A peak @ T A = 25°C) 






Gate Trigger Current (Continuous dc) (Note 3) 

T c = 25°C 

>GT 

- 

200 

PA 

(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) 






Gate Trigger Voltage (Continuous dc) 

T c = 25°C 

V GT 

- 

0.8 

Volts 

(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) 

T C = -65°C 


- 

1.2 


(Anode Voltage = Rated Vq R j\/], R[_ = 100 Ohms) 

T C = 110°C 

V GD 

0.1 

- 


Holding Current 

T C = 25°C 

'H 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc, initiating current = 20 mA) 

T c = -65°C 


- 

10 



1 . V DRM and V R R |^/| for all types can be applied on a continuous 
dc basis without incurring damage. Ratings apply for zero or 
negative gate voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capability, thyris- 
tor devices should not be tested with a constant current source 


FIGURE 1 - CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 



in a manner that the voltage applied exceeds the rated block ing 
voltage. 

2. Forward current applied for 1.0 ms maximum duration, duty 
cycle < 1 .0%. 

3. Rqk current is not included in measurement. 


FIGURE 2 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 
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SILICON 

CONTROLLED RECTIFIERS 


REVERSE BLOCKING TRIODE THYRISTORS 


. . . Annular* PNPN devices designed for industrial/military applica- 
tions such as relay and lamp drivers, small motor controllers and 
drivers for larger thyristors, and in sensing and detection circuits. 


• Sensitive Gate T rigger Current — 200 ( jl /\ Maximum 

• Low Reverse and Forward Blocking Current — 

100 /nA Maximum, Tq = 125°C 

• Low Holding Current — 5.0 mA Maximum 

• Passivated Surface for Reliability and Uniformity 

• TO-18 Hermetically Sealed Metal Package 




MAXIMUM RATINGS 

Rating 

Peak Off -State and Reverse Voltage 

MCR201 

MCR202 

MCR203 

MCR204 

MCR205 

MCR206 

RMS On-State Current 

(All Conduction AnglesMSee Figs. 4 & 5) 

Peak Non-Repetitive Forward Surge Current 

(1/2 cycle. Sine Wave, 60 Hz) 

Circuit Fusing Considerations, 

(t = 1.0 to 8.3 ms) 

Peak Forward Gate Power 
Average Forward Gate Power 
Peak Forward Gate Current 

(300 ms, 1 20 PPS) 

Peak Reverse Gate Voltage 
Operating Junction Temperature Range @ Rated 
VRRM ar| d VpRM 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


'T(RMS) 05 

ITSM 6.0 


p GM 01 

P GF(AV) 0- 01 

•gfm io 

V GRM 4.0 

Tj -65 to +125 



Characteristic 

Symbol 

Max 

Unit 


Thermal Resistance, Junction to Case 

0 JC 

150 

°C/W 


Thermal Resistance, Junction to Ambient 

0 JA 

400 

°c/w 


SEATING / 

plane' 


M \>^ J 

STYLE 6- 

PIN 1. CATHODE 

2. GATE 

3. ANODE' 


DIM 

MIN 

MAX 

MIN 

MAX 

3 

A 

5.31 

5.84 

0.209 

0 230 

1 

B 

4.52 

4.95 

0.178 

0 195 


C 

4.32 

5.33 

0.170 

0.210 


D 

0.406 

0.533 

0.016 

0.021 


E 

- 

0.762 

- 

0.030 


F 

0.406 

0.483 

0.016 

0.019 


G 

2.54 BSC 

0.100 

BSC 


H 

0.914 

1.17 

0.036 

0.046 


J 

0.711 

1.22 

0.028 

0.048 


K 

12.70 

- 

0.500 

- 


L 

6.35 

- 

0.250 

- 


M 

45° BSC 

45°~ 

BSC 


N 

1.27 BSC 

0.050 

' BSC 


P 

- 

I 1.27 

- 

[ 0.050 

i_ 


♦Annular Semiconductor Patented by Motorola Inc. 


All JEDEC notes and dimensions apply. 
CASE 22-03 
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MCR201 thru MCR206 


ELECTRICAL CHARACTERISTICS IRqk = 1000 Ohms) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Current 


•drm 

- 

100 

mA 

(Rated V^rm @ Tq = 125°C) 






Peak Reverse Blocking Current 


Irrm 

- 

100 

m a • 

(Rated V RRM @ T C = 125°C) 






Peak On-State Voltage 


v TM 

- 

1.7 

Volts 

(*TM = 1.2 A peak, ImS, Duty Cycle < 1%) 






Gate Trigger Current (Continuous dc) (Note 1) 

T c = 25°C ~~ 

•gt 

- 


mA 

(Anode Voltage = 7.0 Vdc, Rl = 100 Ohms) 

T C = -65°C 


- 

350 


Gate Trigger Voltage (Continuous dc) 

T C = 25°C . 

v GT 

- 

0.8 


(Anode Voltage = 7.0 Vdc, R|_ = 100 Ohms) 

T C = -65°C 


— 

1.2 


T C = 1 25°C 


0.1 

- 


Holding Current 

Tc = 25°C 

'H 

- 

5.0 

mA 

(Anode Voltage = 7.0 Vdc, 

Tc = -65°C 


_ 

10 


initiating current = 20 mA) 







1. R(3« current is not included in measurement. 


FIGURE 1 - CURRENT DERATING 



FIGURE 2 - POWER DISSIPATION 
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I TSM , PEAK REPETITIVE ON-STATE CURRENT (AMP) 


MCR201 thru MCR206 


FIGURE 4 - SURGE RATINGS 



FIGURE 5 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 



0 80 160 240 320 400 

lT(AV), AVERAGE ON-STATE CURRENT (mA) 



0.0001 0.0003 0.0005 0.001 0.003 0.005 0.01 0.03 0.05 0.1 0.3 0.5 1.0 3.0 5.0 10 


t.TIME (SECONDS) 
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lH, HOLDING CURRENT (NORMALIZED) V GT. GATE VOLTAGE (VOLTS) 


MCR201 thru MCR206 


TYPICAL CHARACTERISTICS 



-50 -25 0 25 50 75 100 125 150 

Tj, JUNCTION TEMPERATURE (°C) 



Tj JUNCTION TEMPERATURE (°C) 


FIGURE 9 - HOLDING CURRENT 
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REVERSE BLOCKING TRIODE THYRISTOR 

. . . fast switching, high-voltage Silicon Controlled Rectifiers es- 
pecially designed for pulse modulator applications in radar and other 
similar equipment. 

® High-Voltage: Vqrm = 300 to 800 Volts 
® Turn-On Times: in Nanosecond Range 
® Repetitive Pulse Current to 100 Amps 

® Stable Switching Characteristics Over an Operating Temperature 
Range From -65 to +105°C 
© Pulse Repetition Rates as High as 10,000 pps 


MAXIMUM RATINGS (Tj = 105°C unless otherwise noted) 


Characteristic 

Symbol 

Value 

Unit 

Peak Repetitive Forward Blocking Voltage*(1 ) 

V DRM 


Volts 

, MCR729-5 


300 


-6 


400 


-7 


500 


-8 


600 


-9 


700 


-10 


800 


Peak Repetitive Reverse Blocking Voltage (1) 

V RRM 

50 

Volts 

Forward Current RMS 

'T(RMS) 

5 

Amps 

Average Forward Power 

p F(AV) 

5 

Watts 

Peak Repetitive On-State Control 

'trm 

100 

Amps 

(PW= 10 /us) 




Peak Forward Gate Power 

P GFM 

20 

Watts 

Average Forward Gate Power 

P GF (AV) 

1 

Watt 

Peak Forward Gate Current 

•gfm 

5 

Amps 

Peak Forward Gate Voltage 

V GFM 

10 

Volts 

Peak Reverse Gate Voltage 

V GRM 

10 

Volts 

Operating Junction Temperature Range 

Tj 

-65 to +105 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud Torque 


15 

in/lb 


•Characterized for unilateral applications where reverse blocking capability is not impor- 
tant. Higher Vrqm rated units available on request. 

(1 ) Ratings apply for zero or negative gate voltages. Devices shall not have a positive bias 
to the gate concurrently with a negative potential on the anode. Devices should not be 
tested with a constant current source for forward and reverse blocking voltages such that 
the applied voltage exceeds the ratings. 



NOTE: 

1. ALL RULES & NOTES 
ASSOCIATED WITH 
REFERENCED T0-64 
OUTLINE SHALL APPLY. 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

B 

10.77 

11.10 

0.424 

0.437 

C 

7762 

10.16 

0.300 

0.400 

E 

1.52 

4.45 

0.060 

0.175 

F 

2.03 

3.45 

0.080 

0.136 

G 

0.33 

- 

0.013 

- 

H 


1.98 

- 

0.078 

J 

10.16 

11.51 

0.400 

0.453 

K 

17.78 ! 

21.72 

0.700 

0.855 

N 


10.77 


0.424 

P 

4.14 

4.80 

0.163 

0.189 

Q 

1.02 

1.91 

0.040 

0.075 

R 

10.16 

- 

0.400 

- 

S 

4.212 

4.310 

0.1658 

0.1697 

T 

1.52 

- 

0.060 

- 


CASE 63-03 


STYLE 1. 

PIN 1. CATHODE 
2. GATE 
STUD - ANODE 
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MCR729-5 thru MCR729-10 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

(Vq = Rated Vqr;vi i Tq = 105°C, gate open) 

'drm 

- 

0.2 

2 

mA 

Gate Trigger Current (Continuous dc) 

(V D = 7 Vdc, R l = 100 ohms) 

! gt 

- 

10 

50 

mAdc 

Gate Trigger Voltage (Continuous dc) 

(V D = 7 Vdc, R L = 100 ohms) 

V GT 

- 

0.3 

1.5 

Volts 

Holding Current 

(Vq = 7 Vdc, gate open) 

lH 

3 

15 

- 

mA 

Forward On Voltage 

(Itm = 5A, PW < ImS, Duty Cycle < 1%) 

V TM 


- 

2.6 

Volts 

Dynamic Forward On Voltage 

(0.5 ns after 50% pt, Iq = 200 mA, Vq = Rated 
V DRM,'F (pulse) = 30 Amps) 

V TM 


15 

25 

Volts 

Turn-On Time (t^ + t r ) 

(Iq = 200 mA, Vq = Rated Vqr[\/|) 

(iTM = 30 Amps peak) 

(i'TM = 100 Amps peak) 

ton 

- 

200 

400 

| 

ns 

Turn-On Time Variation 

(T c = +25°C to +105°C and -65°C to +25°C, 

•TM = 30 A) 

ton 


±500 


ns 

Pulse Turn-Off Time 

(■F (pulse) = 30 Amps, l r everse = 0) 

(Inductive charging circuit) 

tree 


15 


Ms 

Forward Voltage Application Rate (Linear Rate of Rise) 
(Vq = Rated Vqrivj^ gate open, Tq = 105°C) 

dv/dt 

50 

— 

— 

V/ms 

Thermal Resistance (Junction to Case) 

9 JC 

- 

- 

4 

°C/W 
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MCR1718-5 

thru 

MCR1718-8 


REVERSE BLOCKING TRIODE THYRISTOR 


. . . fast switching, high-voltage thyristors especially designed for 
pulse modulator applications. 


High-Voltage Capability from 300 to 600 Volts 
Repetitive Pulse Current to 1000 Amp 
Pulse Repetition as High as 4000 pps 
Current Application Rate as High as 1000 A/jUs 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward or Reverse 

V DRM 


Volts 

Blocking Voltage * MCR 1718-5 

Vrrm 

300 


-6 


400 


-7 


500 


-8 


600 


Peak Reverse Blocking Voltage 




(Transient) (Non-Recurrent 5 ms (max) 

VRSM 


Volts 

MCR 1718-5 


400 


-6 


500 


-7 


600 


-8 


700 


Forward Current RMS 

'T(RMS) 

25 

Amp 

Peak Forward Surge Current 

'tsm 

1000 

Amp 

(1-10 ms Pulse Width) 




Current Application Rate 

di/dt 

1000 

A/jus 

(up to 1000 A peak) 




Circuit Fusing 

• |2 t 

250 

A2s 

(Tj = -65 to +125°C; t g 1.0 ms 




Dynamic Average Power 

P F(AV) 

30 

Watts 

(T C = 65°C) 




Peak Gate Power - Forward 

P GM 

20 

Watts 

Average Gate Power - Forward 

P G(AV) 

1.0 

Watt 

Peak Gate Current - Forward 

•gm 

5.0 

Amp 

Peak Gate Voltage 

v gm 

10 

Volts 

Operating Junction Temperature Range 

Tj 

-65 to +125 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud Torque 


30 

in.-lb 

*Vqrm and Vrrm for a, l types can be applied on a continuous dc basis 


without incurring damage. 




Ratings apply for zero or negative gate voltage. 



THERMAL CHARACTERISTICS [ 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.0 

°C/W 


SILICON CONTROLLED 
RECTIFIER 


25 AMPERES RMS 
300 thru 600 VOLTS 





STYLE 1: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 




BBEnnnm 








■TTiTl 

■nTffll 

Bfl 

EH! 

B3B3I 

■iUII 

■hew 

BS 



beeei 

■■uni 

Q 

BEE] 

MEM 

B3Ei 


mm 


ibehlisii 




■ifcWf 

■HtPVl 

Sol 


BMiVI 

B2E35I 



■1^1 

mm 


TfcETil 

IBS 

■a uni 

■ag 


■mi+i 

mm 

BBH 


BEES 


mm 

mvmti 

IhMHM 

bbshbesb 


CASE 263-03 
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MCR1718-5 thru MCR1718-8 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Units 

Peak Forward Blocking Current 

•drm 




mA 

(Vq = Rated Vq R m with 9 ate open, Tj = 125°C) 


- 

- 

8.0 


Peak Reverse Blocking Current 

•rrm 




mA 

(Vq = Rated Vrrm with 9 ate open, Tj = 125°C) 


- 

- 

8.0 


Forward "On” Voltage 





Volts 

(IjM = 25 Adc) 


- 

1.1 

1.3 


Dynamic Forward On Voltage 

V TM 





(*GT = 500 mA « •pulse = 500 Amps) 

(1.0 ms after start (10% pt.) of l pu | se ) 



30 



(5.0 ms after start (10% pt.) of l pu | se ) 


- 

5.0 

- 


Gate Trigger Current (Continuous dc) 

•gt 




mA 

(Vq = 7Vdc, R L = 50|Ohms) 

- 

10 

50 


Gate Trigger Voltage (Continuous dc) 

Vgt 




Volts 

(Vq = 7 Vdc, R L = 50 Ohms) 





(Vq = Rated V DRMf R L = 50 Ohms, Tj = 125°C) 

VGD 





Holding Current 

•h 




mA 

(Vq = 7.0 Vdc, Gate Open) 

5.0 

15 

_ 


(Vq = 7.0 Vdc, Gate Open, Tj = 125°C) 


- 

6.0 

- 


Circuit Commutated Turn-Off Time 

tq 




MS 

(l F = 500 A, l R = 10 A, dv/dt = 20 V/ms Vq = Rated V DRM> 

V R = Rated V RRM ) 

(Conductive Charging Circuit — Circuit dependent) 


- 

20 

- 


Critical Exponential Rate of Rise 

dv/dt 




V/ms 

(Gate Open, Tj = 125°C, Vq = Rated Vq R |\/|) 


- 

-100 

- 



d)\/[)R|\/| for all types can be supplied on a continuous dc basis without incurring damage. 
Ratings apply for zero or negative gate voltage. 
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MCR1906-1 

thru 

MCR1906-6 


AO- 




-O K 


REVERSE BLOCKING TRIODE THYRISTORS 


These devices are glassivated planar construction designed for 
applications in control systems and sensing circuits where low-level 
gating and holding characteristics are necessary. 


® Low-Level Gate Characteristics — 

l GT = 1 .0 mA (Max) @ T c = 25°C 

® Low Holding Current — 1^ = 5.0 mA (Max) @ Tq = 25°C 

• Glass-to-Metal Bond for Maximum Hermetic Seal 


MAXIMUM RATINGS (Tj = 100°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Repetitive Peak Reverse Blocking Voltage 

Vrrm 


Volts 

MCR1906-1 


25 


MCR 1906-2 


50 


MCR1906-3 


100 


MCR1906-4 


200 


MCR1 906-5 


300 


MCR 1906-6 


400 


MCR1906-7 


500 


MCR1906-8 


600 


RMS On-State Current 

'T(RMS) 

1.6 


(All Conduction Angles) 




Peak Non-Repetitive Surge Current 

•tsm 

15 

Amp 

(One Cycle, 60 Hz, Tj = -40 to +1 10°C) 




Preceded and followed by 




rated current and voltage 




Peak Gate Power 

P GM 

0 1 

Watt 

Average Gate Power 

P GF(AV) 

0.01 

Watt 

Peak Gate Current 

>GM 

0.1 

Amp 

Peak Gate Voltage 

V GM 

6.0 

Volt 

Operating Junction Temperature Range 

Tj 

-65 to +110 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Lead Solder Temperature 

- 

+230 

°C 

(> 1/16” From Case, 10 s max.) 





SILICON CONTROLLED 
RECTIFIERS 

1.6 AMPERES RMS 
25 thru 400 VOLTS 




STYLE 3 

PIN 1 CATHODE 

2 GATE 

3 ANODE (CONNECTED TO CASE) 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8 89 

9 40 

0 350 

0 370 

B 

8 00 

8 51 

0315 

0 335 

C 

6 10 

6 60 

0 240 

0 260 

0 

0 406 

0.533 

0016 

0 021 

E 

0 229 

3 18 

0 009 

0 125 

F 

0 406 

0.483 

0016 

0019 

G 

4 83 

5 33 

0 190 

0210 

H 

0 711 

0 864 

0 028 

0 034 

J 

0 737 

1 02 

0 029 

0 040 

K 

12 70 

- 

0 500 

- 

L 

6 35 

- 

0 250 


M 

45° NOM 

45° NOM 

P 


1.27 

- 

0 050 

0 

90° NOM 

90° NOM 

R 

2 54 


0 100 

- 


All JEDEC dimensions and notes apply 
CASE 79 02 
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MCR1906-1 thru MCR1906-6 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit | 

OFF CHARACTERISTICS ” 


Collector-Emitter Sustaining Voltage (Table 1) MJ13335 

(l C = 100 mA, l B =0) MJ13334 

MJ13333 

MJ13332 

v CEO(sus) 

500 

450 

400 

350 


- 

Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, V 3 e ( of f ) = 1-5 Vdc) 

(V C EV = Rated Value. V BE ( off ) = 1 .5 Vdc, T C = 150°C) 

<CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(V C E = Rated V CEV , R BE = 50 ft, Tq = 100°C) 

'CER 

' 

" 

5.0 

mAdc 

Emitter Cutoff Current 
( V EB = 6.0 Vdc, l C = 0) 

'ebo 


' 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1 ) 


DC Current Gain 

(l C = 5.0 Adc, V C E = 5.0 Vdc) 

h FE 

10 


60 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 10 Adc, l B = 2.0 Adc) 


- 

- 

1.8 


(l C = 20 Adc, l B = 6.7 Adc) 


- 

- 

5.0 


(lC = 10 Adc, l B = 2.0 Adc, T c = 100°C) 


- 

- 

2.4 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 10 Adc, l B = 2.0 Adc) ^ 


- 

- 

1.8 


(Iq = 10 Adc, l B = 2.0 Adc, T C = 100°C) 


- 

- 

1 .8 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

125 

- 

500 

pF 

(V CB = 10 Vdc, l E =0, f tes t = 1.0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(V CC = 250 Vdc, l C = 10 A, 

I B 1 = 2.0 A, V BE ( of f) = 5.0 Vdc, t p = 10 ms. 

Duty Cycle < 2.0%) 

*d 

- 

0.02 

0.1 

MS 

Rise Time 

t r 

- 

0.3 

0.7 

MS 

Storage Time 

t S 

- 

1.6 

4.0 

MS 

Fall Time 

tf 

- 

0.3 

0.7 

MS 

Inductive Load, Clamped (Table 1 ) j 

Storage Time 

(l C = 10 A(pk), V damp = 250 Vdc, I B1 = 2.0 A, 
^BE(off) = 5 Vdc, T C = 100°C) 

tsv 

- 

2.5 

5.0 

MS 

Crossover Time 

l c 

- 

0.8 

2.0 

MS 

Storage Time 

(I C = 10 A(pk), V c | amp = 250 Vdc, I B1 = 2.0 A, 
^BE(off) = 5 Vdc, T C = 25°C) 

l sv 

- 

1.8 

- 

MS 

Crossover Time 

l c 

- 

0.4 

- 

MS 

Fall Time 

tfi 

- 

0.2 

- 

MS 


(1 ) Pulse Test: PW - 300 ms, Duty Cycle < 2%. 
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MCR3818-1 thru MCR3818-10 
MCR3918-1 thru MCR3918 — 10 


r 

A O Ok 


REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Supplied in Either Pressfit or Stud Package 
® High Surge Current Rating - IjSM = 240 Amp 
® Low On-State Voltage — 1.2 V (Typ) @ IjM = 20 Amp 

® Practical Level Triggering and Holding Characteristics — 

40 mA (Max) and 50 mA (Max) @ Tq = 25°C 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward and Reverse Voltage (1) 




MCR3818, MCR3918 - 1 

V DRM 

25 

Volts 

-2 

- or 

50 


-3 

V RRM 

100 


-4 


200 


-5 


300 


-6 


400 


-7 


500 


-8 


600 


-9 


700 


- 10 


800 


Non-Repetitive Reverse Blocking Voltage 

V RSM 


Volts 

MCR3818, MCR3918 - 1 


35 


-2 


75 


-3 


150 


-4 


300 


-5 


- 400 


-6 


500 


- 7 


600 


-8 


700 


-9 


800 


- 10 


900 


On-State Current RMS 

'T(RMS) 

20 

Amp 

Average On-State Current 

'T(AV) 

13 

Amp 

(T c = 67°C) 




Circuit Fusing 

l^t 

235 

A^s 

(Tj = -40 to +1 00°C, t < 8.3 ms) 




Peak Non-Repetitive Surge Current 

>TSM 

240 

Amp 

(One cycle, 60 Hz, Tj = -40 to +100°C) 




Peak Gate Power 

P GM 

5.0 

Watts 

(Maximum Pulse Width = 1 0 ms) 




Average Gate Power 

P G(AV) 

0.5 

Watt 

Peak Forward Gate Current 

•gm 

2.0 

Amp 

(Maximum Pulse Width = 1 0 ms) 




Peak Gate Voltage 

Vgm 

10 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +1 00 

°C 

Storage Temperature Range 

T stg 

-40 to +1 50 

°c 

Stud Torque 


30 

in. lb. 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Thermal Resistance, Junction to Case 

Pressfit Package 
Stud Package 

R 0JC 

1.0 

1.1 

1.5 

1.6 

°C/W 


(1)See note on page 2. 


SILICON CONTROLLED 
RECTIFIER 


20 AMPERES RMS 
25-800 VOLTS 



MCR3818 

SERIES 



1 GATE 
7 CATHODE 
3 ANODE 


MCR3918 

SERIES 



TERM 1 CATHODE 
2 GATE 
STUD ANODE 


CASE 175-02 
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IGT GATE TRIGGER CURRENT (mA) 


MCR3818/3918 series 


/ 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Peak Forward Blocking Current 

Iqrm 

_ 

5.0 

mA 

<Vq = Rated Vqrm @ Tj = 100°C, gate open) 





Peak Reverse Blocking Current 

>RRM 

- 

5.0 

mA 

(Vr = Rated Vrrm @ Tj = 100°C, gate open) 





Gate Trigger Current (Continuous dc) (2) 

•gt 



mA 

(Vq = 7.0 Vdc, R L = 100 SI) 


- 

40 


(V D = 7.0 Vdc, R L = 100 ft, T C = -40°C) 


- 

75 


Gate Trigger Voltage (Continuous dc) 

V GT 



Volts 

(Vq = 7.0 Vdc, gate open) 


- 

1.5 


(Vq = 7.0 Vdc, R L = 100 fi, T c = -40°C) 


- 

2.5 


(Vq =Rated V DRM R L = 100 n, Tj = 100°C) 


0.2 

- 


Peak On-State Voltage (Pulse Width = 1 .0 ms max, duty cycle =^1%) 

V TM 



Volts 

(l T M = 20A) 


- 

1.5 


Otm = 41 A ) 


- 

1.7 


Holding Current 

■h 



mA 

(Vq = 7.0 Vdc, gate open) 


- 

50 


(Vq = 7.0 Vdc, gate open, Tq = -40°C) 


- 

90 




Typical 


Gate Controlled Turn-On Time (t^ + t r ) 

tgt 

1.0 

MS 

( 1 TM = 20 A, Iq j = 40 mAdc, Vq = Rated Vqrm) 





Circuit Commutated Turn-Off Time 

fq 



MS 

Otm = io a, i r = io a) 


20 


Otm = io a, i r = io a, tj = ioo°o 


30 


(Vq = V orm = rated voltage) 





(dv/dt = 30 V/jLts) 





Critical Rate of Rise of Off -State Voltage 

dv/dt 

50 

V/ms 

(Vq = Rated Vqrm, Exponential Wave Form, Gate open, Tj = 100°C) 






(DVdrm f° r t VP e s can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. These 
devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the 
rated blocking voltage. 


EFFECT OF TEMPERATURE UPON TYPICAL TRIGGER CHARACTERISTICS 

FIGURE 1 - GATE TRIGGER CURRENT FIGURE 2 - GATE TRIGGER VOLTAGE 


20 


10 

7.0 

5.0 

3.0 

2.0 

-60 -40 -20 0 20 40 60 80 100 120 140 

Tj JUNCTION TEMPERATURE (°C) 




-60 -40 -20 0 20 40 60 80 100 120 140 


Tj, JUNCTION TEMPERATURE (°C) 
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Iq, GATE CURRENT (AMP) 'TSM. PEAK SURGE CURRENT (AMP) 


MCR3818/3918 series 


MAXIMUM ALLOWABLE NON-REPETITI VE SURGE CURRENT 


FIGURE 3 - 60 Hz SURGES FIGURE 4 - SUB-CYCLE SURGES 




FIGURE 5 - GATE TRIGGER 


FIGURE 6 - EFFECT OF TEMPERATURE ON 


CHARACTERISTICS 


TYPICAL HOLDING CURRENT 



- MAXIMUM ALLOWABLE FORWARD 
GATE CURRENT 

lGM = 2.0AMP 

1.5 VOLTS 

GATE VOLTAGE ^^_PgM-5.0W 
REQUIRED TRIGGER @Tj = 25°C 


RECOMMENDED TRIGGER 
CURRENT 


ALL UNITS WILL TRIGGER AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 
(Tc = 25°C, Vak = 7.0 V) 


40 mA GATE CURRENT REQUIRED 
TO TRIGGER ALL UNITS @ Tj = 25°C 

MAXIMUM ALLOWABLE FORWARD 
GATE VOLTAGE Vqm = 10 VOLTS 


T 

3.0 


T 

4.0 


X 

6.0 


T 

7.0 


T 

9.0 


Vg, GATE VOLTAGE (VOLTS) 



-60 -40 -20 0 20 40 60 


100 120 140 


Tj, JUNCTION TEMPERATURE (OC) 
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ij, INSTANTANEOUS ON-STATE CURRENT (AMP) Tc. MAXIMUM CASE TEMPERATURE (°C) 


MCR38 18/39 18 series 


DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS (f = 60 to 400 Hz, SINE WAVE) 



0 2.0 4.0 6 0 8.0 10 12 14 16 18 20 

Ij(AV), AVERAGE ON-STATE CURRENT (AMP) 


FIGURE 8 - ON-STATE POWER DISSIPATION 



FIGURE 9 - ON-STATE CHARACTERISTICS 



FIGURE 10 -TYPICAL THERMAL 
RESISTANCE OF PLATES 


FIGURE 11 - MOUNTING DETAILS FOR 
PRESSFIT THYRISTORS 



.501 

.505 Dia. 


X 


- Chamfer 

. — 1 L- . ' j — jf— .01 Nom. 

^ .01 Nom W" 

\/ HeatSink 

Qzwmja 


T’ 

•24 Heat Sink Mounting 
Rivet , — H — , 



Complete ' ThinChassis 
Knurl Contact 
Area 

Thin-Chassis Mounting 


The hole edge must be chamfered as shown to prevent shearing 
off the knurled edge of the rectifier during press-in. The pressing 
force should be applied evenly on the shoulder ring to avoid tilting 
or canting of the rectifier case in the hole during the pressing op- 
eration. Also, the use of a thermal joint compound will be of con- 
siderable aid. The pressing force will vary from 250 to 1000 
pounds, depending upon the ' *at sink material. Recommended 
hardnesses are: copper — less than 50 on the Rockwell F scale; 
aluminum — less than 65 on the Brinell scale. A heat sink as thin 
as 1/8” may be used, but the interface thermal resistance will in- 
crease in proportion to the reduction of contact area. A thin 
chassis requires the addition of a back-up plate. 
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MCR3S35-1 thru 
MCR3835-10 
MCR3935-1 thru 
MCR3935-10 


REVERSE BLOCKING TRIODE THYRISTOR 

. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Economical for a Wide Range of Uses 

• High Surge Current -- IjSM = 350 Amp 

• Low Forward "On” Voltage — 1.2 V (Typ) @ IxM = 35 Amp 

• Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @ Tq = 25°C 

• Rugged Construction in Either Pressfit or Stud Package 

• Glass Passivated Junctions for Maximum Reliability 


MAXIMUM RATINGS 


Rating ! 

Symbol 

Value 

Unit 

Peak Repetitive Forward and Reverse 
Blocking Voltage 

MCR3835 

MCR3935 

( -1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

k -10 

V DRM<D 

V RRM 

25 

50 

100 

200 

300 

400 

500 

600 

700 

800 

Volts 

Peak Non-Repetitive Reverse 

Blocking Voltage 
(t^ 5.0 ms) 

MCR3835 

< 

MCR3935 

r -i 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

k -10 

Vrsm 

35 

75 

150 

300 

400 

500 

600 

700 

800 

900 

Volts 

Forward Current RMS 

'T(RMS) 

35 

Amp 

Peak Surge Current 

(One cycle, 60 Hz) (Tj = -40 to +100°C) 

! tsm 

350 

Amp 

Circuit Fusing 

(Tj = -40 to +1 00°C) (t = 1 .0 to 8.3 ms) 

|2 t 

510 

A2s 

Peak Gate Power - 

P GFM 

5.0 

Watts 

Average Gate Power 

P GF(AV) 

0.5 

Watt 

Peak Forward Gate Current 

•gfm 

2.0 

Amp 

Peak Gate Voltage — Forward 

Reverse , 

VgFM 

V GRM 

10 

10 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

Stud Torque 

- 

30 

in. lb. 

1 THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

MCR3835 

MCR3935 

R 0JC 

1.2 

1.3 

°C/W 


(1) VqRM ar| d VRRM for all types can be applied on a continuous dc basis 
without incurring damage. Ratings apply for zero or negative gate voltage. 
Devices shall not have a positive bias applied to the gate, concurrently 
with a negative potential on the anode. 


SILICON CONTROLLED 
RECTIFIER 


35 AMPERES RMS 
25-800 VOLTS 
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Tc, MAXIMUM ALLOWABLE CASE 


MCR3835-1 thru MCR3835-1/MCR3935-1 thru MCR3935-10 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

>drm 

- 

1.0 

5.0 

mA 

(Vq - Rated Vqrm, with gate open. Tj = 100°C) 





Peak Reverse Blocking Current 

'RRM 

- 

1.0 

5.0 

mA 

(V R = Rated Vrrm, with gate open, Tj = 100°C) 






Forward "On" Voltage 

V TM 

- 

1.2 

1.5 

Volts 

Otm = 35 A Peak) 






Gate Trigger Current (Continuous dc) 

•gt 

- 

10 

40 . 

mA 

(Vq = 7.0 V, R|_ = 100 f2) 





Gate Trigger Voltage (Continuous dc) 

(V D = 7.0 v,r l = ioo n) 

VgT 


0.7 

1.5 

Volts 

(V D = Rated V DRMf R L = 100 n, Tj = 100°C) 

v gd 

0.2 

- 



Holding Current 
(Vq = 7.0 V, gate open) 

>H 


10 

50 

mA 

Turn-On Time (tj + t r ) 

ton 


1.0 

- 

ps 

(ITM = 35 Adc, Iqj = 40 mAdc) 






Turn-Off Time 
(ITM = 10 A. I R = 10 A) 


_ 

20 

_ 

MS 

(l TM = 10 A, l R = 10 A, Tj = 100°C) 


- 

30 

- 


Forward Voltage Application Rate 

dv/dt 

- 

50 

- 

V/m s 

(Vq = Rated Vqrm, Tj = 100°C) 

i 







^^drm for al * types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. Devices 
should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the 
rated blocking voltage. 


FIGURE 1 - CURRENT DERATING 



lT(AV). AVERAGE FORWARD CURRENT (AMP) 

FIGURE 3 - TYPICAL GATE TRIGGER CURRENT 



0 4.0 8.0 12 16 20 24 28 32 36 40 

Ij(AV). AVERAGE FORWARD CURRENT (AMP) 

FIGURE 4 - TYPICAL GATE TRIGGER VOLTAGE 



-60 -40 -20 0 20 40 60 80 100 120 140 

T J( JUNCTION TEMPERATURE (°C) ' 



-60 -40 -20 0 20 40 60 80 100 120 140 


T J( JUNCTION TEMPERATURE (°C) 
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MOC301Q, MOC3011 


ELECTRICAL CHARACTERISTICS {T/\ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit j 

LED CHARACTERISTICS 


Reverse Leakage Current 
(V R = 3.0 V) 

l R 

- 

0.05 

100 

mA 

Forward Voltage 
(l F = 10 mA) 

v F 

- 

1.2 

1.5 

Volts 


DETECTOR CHARACTERISTICS () F = 0 unless otherwise noted) 


Peak Blocking Current, Either Direction 
(Rated Vdrm, Note 1) 

•drm 

- 

10 

100 

nA 

Peak OmState Voltage, Either Direction 
(ITM = 100 mA Peak) 

V TM 

- 

H 

3.0 


Critical Rate of Rise of Off-State Voltage, Figure 3 

dv/dt 

- 

2.0 

- 

BUB 

Critical Rate of Rise of Commutation Voltage, Figure 3 . 

(•load * 15 mA ) 

dv/dt 

- 


- 



COUPLED CHARACTERISTICS 


LED Trigger Current, Current Required to Latch Output 

(Main Terminal Voltage = 3.0 V) MOC3010 

MOC3011 

'FT 

- 

1 

m 

mA 

Holding Current, Either Direction 

lH 

- 

BEl9 

- 

MA 


Note 1. Test voltage must be applied within dv/dt rating. i 

2. Additional information on the use of the MOC301 0/301 1 
is available in Application Note AN-780. 


TYPICAL ELECTRICAL CHARACTERISTICS 
Ta = 25°C 


FIGURE 1 - ON-STATE CHARACTERISTICS 


FIGURE 2 - TRIGGER CURRENT versus TEMPERATURE 



V TM , ON-STATE VOLTAGE (VOLTS) T A , AMBIENT TEMPERATURE (°C) 
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MOC3010, MOC3011 


FIGURE 3 - dv/dt TEST CIRCUIT 


?L" If 

MOC3010 

MOC3011 

6 

w UU V YVV 

2 

O — 

O (^) V in 

— A/V> 1 

r L 

jumr 

Commutating 

"* dv/dt ' 

-i + 5 V 

0 V 

Static 

"T* dv/dt"* 

10k 

o— vW— r 2N3904 


dv/dt = 8.9 f Vj n 


FIGURE 4 - dv/dt versus LOAD RESISTANCE 



FIGURE 5 - dv/dt versus TEMPERATURE 









1 1 1 1 1 1 1 

Static dv/dt 







_ 

— — ■ — Commutating dv/dt 








| j Circuit in Figure 3 


FIGURE 6 - COMMUTATING dv/dt versus FREQUENCY 



dv/dt, COMMUTATING (V/^s) 




MOC3010, MOC3011 


FIGURE 8 - LAMP DRIVER APPLICATION 



FIGURE 9 - RESISTIVE LOAD 



FIGURE 10 - INDUCTIVE LOAD . 



R, Cl, C2 Values Depend upon Load Condition. 
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PROGRAMMABLE UNIJUNCTION 
TRANSISTORS 


SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. . . designed to enable the engineer to "program" unijunction 
characteristics such as Rgg, V, l\A and Ip by merely selecting two 
resistor values. Application includes thyristor-trigger, oscillator, pulse 
and timing circuits. The MPU131, MPU132 and MPU133 may also 
be used in special thyristor applications due to the availability of an 
anode gate. Supplied in an inexpensive TO- 92 plastic package for 
high-volume requirements, this package is readily adaptable for use in 
automatic insertion equipment. 

• Programmable — Rgg, V, I V anc * *P- 

• Low On-State Voltage — 1 .5 Volts Maximum @ I p = 50 mA 

• Low Gate to Anode Leakage Current — 5.0 nA Maximum 

• High Peak Output Voltage - 1 1 Volts Typical 

• Low Offset Voltage - 0.35 Volt Typical (Rq = 10 k ohms) 




i. k 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Power Dissipation 

PF 

375 

mW 

Derate Above 25°C 

I/OJA 

5.0 

mW/°C 

DC Forward Anode Current 

't 

200 

mA 

Derate Above 25°C 


2.67 

mA/°C 

DC Gate Current 

'g 

±20 

mA 

Repetitive Peak Forward Current 

■trm 



100 ms Pulse Width, 1.0% Duty Cycle 


1.0 

Amp 

20 /is Pulse Width, 1.0% Duty Cycle 


2.0 

Amp 

Non-Repetitive Peak Forward Current 

'tsm 

5.0 

Amp 

10 ms Pulse Width 




Gate to Cathode Forward Voltage 

V GKF 

40 

Volt 

Gate to Cathode Reverse Voltage 

V GKR 

5.0 

Volt 

Gate to Anode Reverse Voltage 

Vgar 

40 

Volt 

Anode to Cathode Voltage (1) 

v A k 

±40 

Volt 

Operating Junction Temperature Range 

Tj 

-50 to +100 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

(1) Anode positive, Rq k = 1k ohm 




Anode negative, Rqk = open 
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MPU131, MPU132, MPU133 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Current 

MPU131 

2,9-14 

■p 

- 

1.25 

2.0 

mA 

(Vs = 10 Vdc, Rq = 1-0 Mfi) 

MPU132 




0.19 

0.30 


MPU133 



- 

0.08 

0.15 


(V S = 10 Vdc, R G = 10 k ohms) 

MPU131 



- 

4.0 

5.0 



MPU132 



- 

1.20 

2.0 



MPU133 




0.70 

1.0 


Offset Voltage 

MPU131 

1 

v T 

0.2 

0.70 

1.6 

Volts 

(Vs = 10 Vdc, Rq - 1.0 Mft) 

MPU132 



0.2 

0.50 

0.6 


MPU133 



0.2 

0.40 

0.6 


(V s = 10 Vdc, Rq = 10 k ohms) (All Types) 




0.2 

0.35 

0.6 


Valley Current 


1,4,5, 

'V 




PA 

(Vs - 10 Vdc, Rq = 1.0 Mn) 

MPU131, 132 



- 

18 

50 



MPU133 



- 

18 

25 


(Vs - 10 Vdc, Rq = 10 k ohms) 

MPU131 



70 

270 

-- 



MPU132, 133 



50 

270 

~ 


Gate to Anode Leakage Current 


- 

'GAO 




nAdc 

(Vs - 40 Vdc, T a = 25°C, Cathode Open) 




- 

1.0 

5.0 


(Vs - 40 Vdc, Ta = 75°C, Cathode Open) 




- 

30 

75 


Gate to Cathode Leakage Current 


- 

'gks 

- 

5.0 

50 

nAdc 

(Vs - 40 Vdc, Anode to Cathode Shorted) 








Forward Voltage (ip =50 mA Peak) 

1.6 

v F 

- 

0.8 

1.5 ' 

Volts 

Peak Output Voltage 


3,7 

V 0 

6.0 

11 

| 

Volts 

(V B = 20 Vdc, C C “ 0.2 nF) 








Pulse Voltage Rise Time 


3 

tr 


40 

80 

ns 

(V 8 = 20 Vdc, C c = 0.2 m F) 









FIGURE 1 - ELECTRICAL CHARACTERIZATION 



. R 1 

3 ' R1 t R2 V S 


1A — Programmable Unijunction 
with "Program" Resistors 
R 1 and R2 



IB — Equivalent Test Circuit for 
F igure 1A used for electrical 
characteristics testing 
(also see Figure 2) 



FIGURE 2 - PEAK CURRENT (Ip) TEST CIRCUIT 


FIGURE 3 - V Q AND t r TEST CIRCUIT 
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V F , PEAK FORWARD VOLTAGE (VOLTS) i ly. VALLEY CURRENT (pA) 


MPU131, MPU132, MPU133 


TYPICAL VALLEY CURRENT BEHAVIOR 



5 0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 



-50 -25 0 +25 +50 +75 +100 

x Ta, AMBIENT TEMPERATURE (°C) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 

If, PEAK FORWARD CURRENT (AMP) 


FIGURE 7 - PEAK OUTPUT VOLTAGE 



FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 



STANDARD UNIJUNCTION 



Equivalent Circuit 
PROGRAMMABLE UNIJUNCTION 



Equivalent Circuit 
with External "Program" 
Resistors R 1 and R2 


n 

i7~ 

I r B2 

U J T 1 
E 

B2 

~ C C R J 

m 

r bi ; 

i 


Typical Application 
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Ip, PEAK CURRENT 1/uA) Ip, PEAK CURRENT (pA) Ip, PEAK CURRENT (/iA) 


MPU131, MPU132, MPU133 


TYPICAL PEAK CURRENT BEHAVIOR 
__ _ 


FIGURE 9 - EFFECT OF SUPPLY VOLTAGE AND R G 




ta. ambient TEMPERATURE (°C) 


MPU132 


FIGURE 11 - EFFECT OF SUPPLY VOLTAGE AND R G 



j.i i 1 i i i i i 

5.0 10 15 20 

Vs. SUPPLY VO LTAG E (VO LTS) 


FIGURE 12 - EFFECT OF TEMPERATURE AND R G 



MPU133 



5.0 10 15 20 

Vs, SUPPLY VOLTAGE (VOLTS) 



-50 -25 0 +25 +50 +75 +100 


Ta, AMBIENT TEMPERATURE (°C) 
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MPU6027 

MPU6028 


A i 



| A )/ 

a {j- — 



f * 


SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. . . designed to enable the engineer to "program" unijunction char- 
acteristics such as RbB- V, I V. and Ip by merely selecting two resistor 
values. Application includes thyristor-trigger, oscillator, pulse and 
timing circuits. These devices may also be used in special thyristor 
applications due to the availability of an anode gate. Supplied in an 
inexpensive TO-92 plastic package for high-volume requirements, this 
package is readily adaptable for use in automatic insertion equipment. 

® Programmable — RgB- *V ar, d Ip. 

• Low On-State Voltage - 1 .5 Volts Maximum @ I p = 50 mA 

• Low Gate to Anode Leakage Current - 10 nA Maximum 
® High Peak Output Voltage - 1 1 Volts Typical 

® Low Offset Voltage - 0.35 Volt Typical (Rq = 10 k ohms) 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Power Dissipation(l) 

PF 

375 

mW 

Derate Above 25°C 

1 ft J A 

5.0 

mW/°C 

DC Forward Anode Current(2) 

'T 

200 

mA 

Derate Above 25°C 


2.67 

mA/°C 

DC Gate Current 

'G 

±50 

mA 

Repetitive Peak Forward Current 

•trm 



100 ms Pulse Width, 1.0% Duty Cycle 


1.0 


20 ms Pulse Width, 1 .0% Duty Cycle 


2.0 


Non-Repetitive Peak Forward Cutrent 

‘tsm 

50 

Amp 

10 ms Pulse Width 




Gate to Cathode Forward Voltage 

V GKF 

40 


Gate to Cathode Reverse Voltage 

Vgkr 

-5.0 


Gate to Anode Reverse Voltage (1 ) 

V GAR 

40 

Volt 

Anode to Cathode Voltage 

V AK 

+ 40 

Volt. 

Operating Junction Temperature Range 

Tj 

-50 to +100 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 


(1) Anode positive, Rqk = 1k °hm 
Anode negative, Rq K " open 


PROGRAMMABLE UNIJUNCTION 
TRANSISTORS 



rr r* 



STYLE 16: 

PIN 1. ANODE 

2. GATE 

3. CATHODE 


DIM 

MILLIW 

ETERS 

INCHES ! 

I.M1M 

k’.fiVU 

■ mi:m 

E33i 

A 

4.32 

5.33 


EMI 

B 

4.44 

5.21 

■urn® 

1 

IP 

3.18 

4.19 

0.125 

Ena 

D 


in 

liliWri 

EEEE1 

F 

Mium 

1H|:| 

■mm 

■oliluk 

Qi 

■»!■ 

■EH 


■iTim 

mm 

- 

®ES 


lillilil 

j 

EM 

Ba 

0.095 

kiiliW 

|m 

VMM 

WBM 


HEH 


uMa 



- 

H 

2.03 

2.92 

0.080 

0.115 

P 

El 

- 

0.115 

- 

R 

msm 

- 

ram 

_ 

S 

0.36 

0.41 

0.014 

0.016 


All JEDEC dimensionsand notes apply. 


CASE 29-02 
TQ-92 
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MPU6027, MPU6028 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Figure 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Current 


2,9.11 

•p . 




mA 

(V s = 10 Vdc, R G = 1 0 Mil) 

MPU6027 



- 

1.25 

2.0 



MPU6028 



- 

0.08 

0.15 


(V s - 10 Vdc. R G = 10 k ohms) 

MPU6027 



- 

4.0 

5.0 



MPU6028 



— 

0.70 

1.0 


Offset Voltage 


1 

v T 




Volts 

(V S = 10 Vdc, R g ---- 1.0 MU) 

MPU6027 



0.2 

0.70 

1.6 



MPU6028 



0.2 

0.50 

0.6 


(Vs - 10 Vdc, R g = 10 k ohms) 

(Both Types) 



0.2 

0.35 

0.6 


Valley Current 


1.4,5, 

»v 




mA 

(Vs = 10 Vdc, R G = 1.0 MU) 

MPU6027 



- 

18 

50 



MPU6028 



- 

18 

25 


(V s = 10 Vdc, R G = 10 k ohms) 

MPU6027 



70 

270 

- 



MPU6028 



25 

270 

- 


Gate to Anode Leakage Current 


- 

•gao 




nAdc 

(V s = 40 Vdc, T a = 25°C, Cathode Open) 




- - 

1.0 

10 


( V s = 40 Vdc, T a '= 75°C, Cathode Open) 




- 

3.0 

- 


Gate to Cathode Leakage Current 


- 

'gks 

- 

5.0 

50 

nAdc 

(Vs = 40 Vdc, Anode to Cathode Shorted) 








Forward Voltage (Ip = 50 mA Peak) 

1.6 

V F 

- 

0.8 

1.5 

Volts 

Peak Output Voltage 


3,7 

Vo 

6.0 

11 

- 

Volts 

(V B = 20 Vdc, C c = 0.2 /jF) 








Pulse Voltage Rise Time 


3 ^ 

tr 

- 

40 

80 

ns 

(V B = 20 Vdc, C C = 02 m F) 









FIGURE 1 - ELECTRICAL CHARACTERIZATION 



1A — Programmable Unijunction 
with “Program” Resistors 
R 1 and R2 


IB — Equivalent Test Circuit for 
Figure 1A used for electrical 
characteristics testing 
(also see Figure 2) 



1C — Electrical Characteristics 


FIGURE 2 - PEAK CURRENT (Ip) TEST CIRCUIT FIGURE 3 - V Q AND t r TEST CIRCUIT 
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VF. PEAK FORWARD VOLTAGE (VOLTS) I , v . VALLEY CURRENT (/uA) 


MPU6027, MPU6028 


TYPICAL VALLEY CURRENT BEHAVIOR 




5 0 10 15 20 -50 -25 0 +25 +50 +75 +100 

Vs, SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 



0.01 0.02 0.05 0.1 0.2 0.5 .1.0 2.0 5.0 

IF, PEAK FORWARD CURRENT (AMP) 


FIGURE 7 - PEAK OUTPUT VOLTAGE 



FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 



STANDARD UNIJUNCTION 


E 




R bb = R 1 + R2 


R 1 

71 ~ R1 + R2 


Equivalent Circuit 


PROGRAMMABLE UNIJUNCTION 



with External "Program" 
Resistors R1 and R2 


1 1 

[ + 

| *T S 

f UJT \ 

i p 

: r B2 


B2 . 




T C C n I 


5 

n B 1 j 

l J 



Typical Application 
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Ip, PEAK CURRENT (/jA) i Ip, PEAK CURRENT {fiA) 


MPU6027, MPU6028 


TYPICAL PEAK CURRENT BEHAVIOR 
MPU6027 



5.0 10 15 20 


Vs, SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 - EFFECT OF TEMPERATURE AND R G 



Ta, AMBIENT TEMPERATURE (°C) 


MPU6028 




5.0 10 15 20 -50 -25 0 +25 +50 +75 +1 


V S , SUPPLY VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE <°C) 




PN UNIJUNCTION 
TRANSISTORS 


SILICON ANNULAR UNIJUNCTION TRANSISTORS 


. . . designed for economical, general purpose use in pulse, timing, 
oscillator and thyristor trigger circuits. 


MAXIMUM RATINGS (T^ = 25°C unless otherwise noted) 
Rating Symbo 


RMS Power Dissipation* 


RMS Emitter Current 


Peak-Pulse Emitter Current** 


Emitter Reverse Voltage 


Interbase Voltage 

Based upon Power Dissipation at = 25°C 


Operating Junction Temperature Range 


Storage Temperature Range 
'Derate 3.0 mW/°C increase in ambient temperature. 
'Duty Cycle < 1%, PRR = 10 PPS (See Figure 5). 





STYLE 1 
PIN 1. EMITTER 

2. BASE 1 

3. BASE 2 


MILLIMETERSl INCHES 
DIM MIN MAX ~M?N MAX 

A 5.31 5.84 0.209 0 230 

B 4.52 4.95 0.178 0 195 

C 4.32 5 33 0 170 0 210 

D 0 41 1 048 0.016 1 0.019 

G 2 54 TYP 0.100 TYP 

H 0.91 1 17 ~tL036 0.046 

J 0.71 1 22 0.028 0.048 

K 12.70 - Tl500 - 

M 45° TYP 45° TYP 

N I 1 27 TYP 1 0 050 TYP 

CASE 22A-01 

(TO-1 8 Outline 
Except for Lead Position) 


MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 4,32 5.33 0 170 0.210 

B 4.A4 5.21 0 175 0 205 

C 3.18 4.19 0 125 0 165 

D 0.41 0.S6 0 016 0.022 

F 0 41 Q48 0.016 0.019 

G 114 1,40 0 045 0 055 

_H ; LM__z QJOO 

J 2 41 2.B7 0 095 0 105 

K 12.70 - 0500 


CASE 29-02 
(TO-92) 

Lead Forms 5 and 18 
Shown on Next Page 
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MU10, MU20 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio* (Test Circuit Figure 4) 

< V B2B1 ^ 10 V) 

n 

0.50 

- 

0.85 


Interbase Resistance 

(V B 2B1 =3.0 V, l E =0) 

r BB 

4.0 

— 

10 

' kn 

Emitter Saturation Voltage** 

(V B2B 1 = 10 v « >E :: 50 mA) 

v EB1(sat) 

- 

2.0 

- 

Volts 

Modulated Interbase Current 
(V B 2B1 = 10 V, l£ = 50 mA) 

>B2(mod) 

~ 

— 

50 

mA 

Emitter Reverse Current 
(V E B2 = 30 V, I B1 -0) 

•EB20 

— 

- 

1.0 

M A 

Peak-Point Emitter Current 
(V B 2B1 = 25 V) 

»P 

- 

. - 

5.0 

mA 

Valley-Point Current* * 

(Vb2B1 ~ 20 V, R B 2 = 100 Ohms) 

iv 

1.0 

- 

_ 

mA 

Base-One Peak Pulse Voltage (Test Circuit Figure 3) 

v OB1 

3.0 

- 

- 

Volts 


* T 7 , intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp, by means of the equation: Vp = tjV B 2B1 + Vp, where Vp is 
about 0.45jvolt at 25°C @ Ip = 10 £tA and decreases with temperature at about 2.5 mV/°C. The test circuit is shown in Figure 4. Com- 
ponents R-j, C-], and the UJT form a relaxation oscillator; the remaining circuitry serves as a peak-voltage detector. The forward drop of 
Diode D-j compensates for Vp. To use, the "cal'' button is pushed, and R 3 is adjusted to make the current meter, M-j, read full scale. 
When the "cal" button is released, the value of rj is read directly from the meter, if full scale on the meter reads 1 .0. 

* * Pulse Test: Pulse Width *=» 300 ft*. Duty Cycle < 2.0% to avoid internal heating, which may result in erroneous readings: 


FIGURE 3 - V 0B1 TEST CIRCUIT 


Vi 



FIGURE 4 - rj TEST CIRCUIT 


+ 10 V 



FIGURE 5 — PRR TEST CIRCUIT 
AND WAVEFORM 




20-30 V 
(Adjust for 1.0 A 
Peak in Ri ) 
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MU 2646 



B2 


i_N* 



t? 


| B 1 



SILICON UNIJUNCTION TRANSISTOR 


. . . designed for use in pulse and timing circuits, sensing circuits and 
thyristor trigger circuits. 

• Low Peak Point Current - 5.0 juA (Max) 

• Low Emitter Reverse Current — 12juA (Max) 

• Passivated Surface for Reliability and Uniformity 

• TO-18 Lead Form Available Upon Request 



MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted.) 



Rating 

Symbol 

Value 

Unit 

RMS Emitter Current 

'E(RMS) 

50 

mA 

Peak Pulse Emitter Current (2) 

'e 

2.0 

Amp 

Emitter Reverse Voltage 


30 


Interbase Voltage 


35 

Volts 

RMS Power Dissipation @ = 25°C (1) 

Pd 


mW 

Derate above 25°C 



mW/°C 

Operating Junction Temperature Range 

Tj 


°C 

Storage Temperature Range 

T stg 


°c 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

RflJA< 3 ) 

333 

°c/w 

(1) The total power dissipation (available power to Emitter and Base-Two) must be limited by 

the external circuitry. 

(2) Capacitor discharge — lOpF or less, 30 volts or less. 

(3) RdJA is measured with the device soldered into a typical printed circuit board. 


PN UNIJUNCTION 
TRANSISTOR 



SEATING 
PLANE J 


r^ B 

m 

mm 

X - 

— ri 


1 K 

H 

D--— liF 

| 

U -ID 


N Ur ^ 

STYLE 9- 

PIN 1 BASE I 

2 EMITtER 

3 BASE 2 


Hfl 



um\M 

rm 

HAIM! 

iirra 

mm 

■HM 


mntbi 

KiUUI 

MM 


■■•Wl 

■nwrii 

■ifiii-i 

■9 





mm 

mnm 



■lip'll 

Di 



■Hiitrj 

■HilliM 

mm 



IMiELi 


m 


mem 

B9H 




MEM 


HiWliM 

■5 


mksm 

IQMmi 

IBi 




■»w.ni 

mam 




■iin:iii 

MUlkW 



MOM 

m3 

■cm 

£5 



liiFn 


mm 


mrm 

iiiif 

■■MU 


All JEDEC dimensions and notes apply. 
CASE 29-02 
TO-92 
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MU2646 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 
(V b 2 B1 = 10 V) (Note 1) 

1? 

0.56 

- 

0.75 

- 

Interbase Resistance 

<V B 2B1 = 3.0 V, l E = 0) 

r BB 

4.7 

7.0 

9.1 

. kn 

Interbase Resistance Temperature Coefficient 

< V B2B1 = 3.0 V, l E = 0, T A = -55°C to +125°C) 

ttr BB 

0.1 

~ 

0.9 

%/°c 

Emitter Saturation Voltage 

< V B2B1 = 10 V, l E = 50 mA) (Note 2) 

v EB1(sat) 


3.5 

- 

Volts 

Modulated Interbase Current 
(V B 2B1 = 10 V, l E = 50 mA) 

*B2(mod) 

- 

15 


mA 

Emitter Reverse Current 
(V B2 E = 30 V, I B1 = 0) 

<EB20 

~ 

0.005 

12 

MA 

Peak Point Emitter Current 
(V B2B 1 = 25 V) 

Ip 

- 

1.0 

5.0 

mA 

Valley Point Current 

(V B 2B1 = 20 V, R B 2 = 100 ohms) (Note 2) 

•v 

4.0 

6.0 

- , 

mA 

Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

V 0B1 

3:0 

5.0 

- 

Volts 


Notes 

(1) Intrinsic standoff ratio, 

rj, is defined by equation 


rj Vp ~ V ( EB1) 

V B2B1 

Where Vp Peak Point Emittei Voltage 
Vb 2B1 " Interbase Voltage 

V (£ B 1 ) = Emitter to Base-One Junction Diode Drop 
(%0 5V@10/iA) 


(2) Use pulse techniques: PW ^ 300 ns, duty cycle ^ 2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

(3) Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 



FIGURE 1 

UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 

1 B2 



FIGURE 2 

STATIC EMITTER CHARACTERISTIC 
CURVES 


(Exaggerated to Show Details) 

V E 



FIGURE 3 - V 0 B1 TEST CIRCUIT 

(Typical Relaxation Oscillator) 

V 1 
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SILICON PLASTIC UNIJUNCTION TRANSISTORS 

. . . designed for military and industrial use in pulse, timing, trig- 
gering, sensing, and oscillator circuits. The annular process pro- 
vides low leakage current, fast switching and low peak-point currents 
as well as outstanding reliability and uniformity. 

Recommended usage includes: 

• Long-time Delay Circuits - MU4894 

© Silicon Controlled Rectifier Triggering Circuits - MU4893 

• High-frequency Relaxation-Oscillator Circuits - MU4892 
® General-Purpose Unijunction Applications - MU4891 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted) 

Rating 

Symbol 

Value 

Unit 

RMS Power Dissipation* 

PD 

300 

mW 

RMS Emitter Current 

•e 

50 

mA 

Peak Pulse Emitter Current** 

’e 

1.0** 

Amp 

Emitter Reverse Voltage 

V B2E 

30 

Volts 

Storage Temperature Range 

T stg 

-65 to +150 

°C 


Derate 3.0 mW/°C increase in ambient temperature. Total power dissipation (available 
power to Emitter and Base-Two) must be limited by external circuitry. Interbase voltage 
(Vs2Bl) lim 'ted by power dissipation, 

V B 2B1 "\/RbB 1 P D 

f * Capacitance discharge current must fall to 0.37 Amp within 3.0 ms and PRR < 10 PPS. 
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MU4891 thru MU4894 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Intrinsic Standoff Ratio 

V 




- 

(V B 2B1 = 10 V) Note 1 MU4892 



- 

0.69 


MU4891 , MU4893 


■ 

- 

0.82 


MU4894 


0.74 

- 

0.86 


Interbase Resistance 

r BB 


■ ■ 


k ohms 

<Vb 2B1 “3.0 V, l E =0) MU4891, MU4892 


1 


9.1 


MU4893, MU4894 



Kn 

12.0 


Interbase Resistance Temperature Coefficient 

oRbb 




%/°C 

(V B2 B1 ■ 3.0 V, l E = 0, T a = -€5°C to +10Q°C) 


0.1 

- 

0.9 


Emitter Saturation Voltage 

VEBI(sat) 




Volts 

(Vb 2B1 = JO v « lE = 50 mA) Note 2 


- 

2.5 

4.0 


Modulated Interbase Current 

'B2(mod) 




mA 

(VB2B1 = 10 V, l E = 50 mA) 


10 

15 

- 


Emitter Reverse Current 

'EB20 





(Vb 2E = 30 v * •Bl = 0) 


- 

5.0 

10 

nA 

Peak Point Emitter Current 

Ip 




PA 

(V B2 B1 = 25 V) MU4891 



0.6 

5.0 


MU4892, MU4893 


- 

0.6 

2.0 


MU4894 


- 

0.6 

1.0 


Valley Point Current 

'V 




mA 

(Vb 2B1 = 20 V, R B2 = 100 Ohms) Note 2 






MU4891, MU4893, MU4894 


2.0 

4.0 

- 


MU4892 


2.0 

3.0 

- 


Base-One Peak Pulse Voltage 

VQBI 




Volts 

(Note 3, Figure 3) 






MU4891, MU4892, MU4894 


3.0 

5.0 

- 


MU4893 


6.0 

8.0 

- 



NOTES 

1. Intrinsic standoff ratio. 

J], is defined by equation: 

n = V P ~ V <EB1 ) 

V B2B1 

Where V p = Peak Point Emitter Voltage 
v B 2 Bi = Interbase Voltage 
V(ebi) = Emitter to Base-One Junction Diode Drop 
(-0.5 V @ 10 juA) 


2. Use pulse techniques: PW - 300 jus duty cycle ^ 2 % to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SCR firing circuits and other types of pulse circuits. 


FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 


FIGURE 2 -STATIC EMITTER 
CHARACTERISTICS CURVES 


FIGURE 3 -Vqbi TEST CIRCUIT 

(Typical Relaxation Oscillator) 



(Exaggerated to Show Details) 
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S2800 

series 


REVERSE BLOCKING TRIODE THYRISTORS 


SILICON CONTROLLED 
RECTIFIERS 


. . . designed primarily for half-wave ac control applications, such 
as motor controls, heating controls and power supplies; or when- 
ever half-wave silicon gate-controlled, solid-state devices are needed. 


• Glass Passivated Junctions and Center Gate Fire for Greater 

Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt A Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• Blocking Voltage to 600 Volts 


10 AMPERES RMS 
100—600 VOLTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Reverse Voltage (1) 

Vrrm 


Volts 

Peak Repetitive Off -State Voltage (1) 

( A 

Vdrm 

100 


S2800< ® 


200 

400 


(m 


600 


Non-Repetitive Peak Reverse Voltage 
iNon-Repetitive Off-State Voltage 

Vrsm 

Vdsm 


Volts 

( A 

125 


S2800 j ® 


250 



500 


VM 


700 


RMS Forward Current 

(All Conduction Angles) Tq = 75°C) 

! T(RMS) 

10 

Amps 

Peak Forward Surge Current 

Itsm 

100 

Amps 

(1 Cycle, Sine Wave, 60 Hz, T C = 80°C) 




Circuit Fusing Considerations 

|2 t 

40 

A 2 s 

(Tj = -65 to +100°C, t = 1.0 to 8.3 ms) 




Forward Peak Gate Power (t < 10 ms) 

P GM 

16 

Watts 

Forward Average Gate Power 

p G(AV) 

0.5 

Watt 

Operating Junction Temperature Range 

Tj 

-40 to +100 

-°C 

Storage Temperature Range 

T stg 

-40 to +150 

°c 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

2.0 

°c/w 


(1 ) Vdrm ancl Vrrm for all types can be applied on a continuous dc basis without 
incurring damage. Ratings apply for zero or negative gate voltage. Devices shall not 
have a positive bias applied to the gate concurrently with a negative potential on 
the anode. 

A Trademark of Motorola Inc. 



PIN 1. CATHODE 

2. ANODE 

3. GATE 

4. ANODE 


DIM 

Ml L LI A 

flETERS 

INCHES J 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0.625 

B 

3,05 

10.66 

0.380 

0.420 

C 

3-56 

4.82 

0.140 

0.190 

D 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 


6.35 

- 

0.250 

J 

P-31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1,77 

0.045 

0.070 

N 

4.83 

5.33 

0.190 

0.210 

a 

2.54 

3.04 

0.100 

0.120 

P 

2.04 

2.92 

0.080 

0.115 

s 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO-220 AB 


All JEDEC dimensions and notes apply 
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MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


S2800 Series 


ELECTRICAL CHARACTERISTICS <Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Forward Blocking Current 

(V D = Rated V DRM> T c = 100°C)j 

•drm 

“ 

— 

2 

mA 

Peak Reverse Blocking Current 

(V R = Rated V RRM , T c = 100°C) 

>RRM 

“ 

— 

2 

mA 

Instantaneous On-State Voltage 

(ITM = 30 A Peak, Pulse Width < 1 ms, 

Duty Cycle < 2%) 

V T 


1.7 

2 

Volts 

Gate Trigger Current (Continuous dc) 

(Vq - 12 Vdc, R L = 30 Ohms) 

*GT 

- 

8 

15 

mA 

Gate Trigger Voltage (Continuous dc) 

(V D - 12 Vdc, R L = 30 Ohms) 

VGT 

~ 

0.9 

1.5 

Volts 

Holding Current 

(Gate Open, V D = 12 Vdc, l T = 150 mA) 

'H 

— 

10 

20 

mA 

Gate Controlled Turn-on Time 

(Vq - Rated Vqrj^ Ijjyj = 2 A, Iqr = 80 mA) 

l gt 

- 

1.6 


v ** 

Circuit Commutated Turn-Off Time) 

(Vq = V d R M, *TM = 2 A, Pulse Width = 50 m s, 
dv/dt = 200 V/ps, di/dt = 10 A/ms, T c = 75°C) 

tq 


25 


MS 

Critical Rate-of-Rise of Off-State Voltage 

(Vq = Rated Vqrm, Exponential Rise, Tq = 100°C) 

dv/dt 

— 

100 

“ 

V/ms 


FIGURE 1 - CURRENT DERATING 


FIGURE 2 - POWER DISSIPATION 



0 2 4 6 8 10 

lT{AV). lT{RMS), ON-STATE CURRENT (AMPS) 



IT(AV), IT(RMS), MAXIMUM ON-STATE CURRENT (AMP) 
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S6200 

S6210 

S6220 

series 


REVERSE BLOCKING TRIODE THYRISTOR 


. . . designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 


Economical for a Wide Range of Uses 

High Surge Current — ITSM = 200 Amp 

Low Forward “On" Voltage -1.2V (Typ) @ IjM = 20 Amp 

Practical Level Triggering and Holding Characteristics — 

10 mA (Typ) @T C = 25°C 

Rugged Construction in Either Pressfit, Stud or Isolated 
Stud Package 

Glass Passivated Junctions for Maximum Reliability 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case S6200, S6210 

S6220 


Symbol 


R 0JC 


1.2 

1.4 


°C/W 


(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 
constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 


SILICON 

CONTROLLED RECTIFIER 

20 AMPERES RMS 
100 thru 600 VOLTS 


Rating 

Symbol 

Value 

Unit 

Peak Repetitive Forward 


V DRM- 


Volts 

and Reverse Voltage (1) 


or 



S6200, S6210, S6220 

A 

V RRM 

100 


S6200, S6210, S6220 

B 


200 


S6200, S6210, S6220 

D 


400 


S6200, S6210, S6220 

M 


600 


Non-Repetitive Peak Forward 


Vdsm 


Volts 

and Reverse Voltage (1) 


or 



S6200, S6210, S6220 

A 

V RSM 

150 


S6200, S6210, S6220 

B 


250 


S6200, S6210, S6220 

D 


500 


S6200, S6210, S6220 

M 


700 


RMS On-State Current 


'T(RMS) 

20 

Amp 

(T C = 75°C) 





Peak Non-Repetitive Surge Current 


•tsm 

200 

Amp 

(One Full cycle of surge current at 60 Hz, 




preceded and followed by rated current, i 




T C = 75°C) 





Circuit Fusing 


|2 t 

170 

A 2 s 

(Tj = -65 to +100°C) (t - 1.0 to 8.3 ms) 




Peak Gate Power (10 ms Max) 

P GM 

40 

Watts 

Average Gate Power 

p G(AV) 

0.5 

Watt 

Operating Junction Temperature Range 

Tj 

-65 to +100 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud Torque 

- 

30 

in. lb. 




STYLE 1: 

TEAM. 1. GATE 

2. CATHODE 

3. ANODE 


0IM 

MILLIN 

IE TEAS 

INC 

HES 

HIM 

MAX 

MIN 

MAX 

A 

12.73 

12.83 

0.501 

0.505 


11.81 

1?, W 

Q.*$5 

0.475 

c 

8.39 

9.65 

0.330 

0.380 

E 

2.54 


0.100 


F 

0.89 

2.16 

0.035 

0.085 

J 

2.04 

2.46 

0.080 

0.097 

IT 

- 

20.32 

- 

0.800 

N 

- 

12.95 

- 

0.510 

Q 

1.65 

4.06 

0.065 

0.160 


CASE 174-03 


S6210 Series 




CASE 175-02 




STYLE I: 

PIN 1. CATHODE 

2. GATE 

3. ANODE 
STUD ISO LATE0 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14.00 

14.20 

0.551 

0.559 

B 

12.73 

12.83 

0.501 

0.505 

C 

- 

26.16 

- 

1.030 

F 

1.65 

4.06 

0.065 

0.160 

G 


6.48 


0.255 

H 

2.16 

2.41 

0.085 

0.095 

J 

10.67 

11.56 

0.420 

0.455 

K 

9.78 

10.54 

0.385 

0.415 

L 

6.99 

7.75 

0.275 

0.305 

N 

6.46 

6.99 

0.255 

0.275 

_0_ 

_M3_ 

3.81 

0.135 

0.150 


1.52 

1.78 

0.060 

0070 

~ 

0.89 

2.16 

0.035 

0085 


CASE 235-02 
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MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


S6200, S6210, S6220 series 


ELECTRICAL CHARACTERISTICS .(Tq » 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Instantaneous Forward Breakover Voltage 
(Gate Open, T c = 100°C) 

v <80)0 




Volts 

S6200, S6210, S6220 A 


100 


- 


S6200, S6210, S6220 B 


200 

- 

- 


$6200,56210,56220 D 


400 

- 

- 


S6200, S6210, S6220 M 


600 

- 

- 


Peak Blocking Current 

>DRM 

... 

- 

2 

mA 

(Rated Vqrm or Vrrm ( Tp = 100°C) 

f RRM 





Peak On-State Voltage 

V T 


- 

2.4 

Volts 

(l TM = 100 A Peak) 






Gate Trigger Current, Continuous dc 

'GT 

- 

- 

15 

mA 

(V D = 12 Vdc, R L = 30 Ohms) 






Gate Trigger Voltage, Continuous dc 

V GT 

- 

- 

2 

Volts 

(V D = 12 Vdc, R|_ = 30 Ohms) 






Holding Current 


- 

- 

20 

mA 

(Initiating Current = 150mA, Vq = 12 V, Gate Open) 





Critical Rate-of-Rise of Off-State Voltage 

dv/dt 




V/ms 

(Vq - Vqrjvi ( Exponential Voltage Rise, Gate Open, 

Tq - 100°C)' 






S6200, 56210, S6220 A,D 

j 

10 

100 

- 


36200,56210,56220 B 


10 

100 

: 


S6200, S6210, S6220 M 


10 

75 

- 


Gate Controlled Turn-On Time 

tgt 

- 

2 

- 

MS 

(Vq = Rated Vorm, lj - 30 A Peak, 





Iqj - 200 mA, Rise Time 0.1 ms 






Circuit Commutated Turn-off Time 

t q 

- 

30 

_ 

MS 

(Vp - Rated Vpiy|, If = 18 A, t p = 50 ms 
dv/dt - 10 V/jus, di/dt - 30 A/jus, T c = 75°C) 








FiGURE 1 - CURRENT DERATING 


FIGURE 2 - POWER DISSIPATION 
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SC136 

series 





UJt "" U IVI " 


BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies. 

• Low Off-State Leakage Currents 

® All Diffused and Glass Passivated Junctions for Greater Parameter 
Uniformity and Stability 

® Rugged Industry Proven Thermopad^ Construction 

• TO-5 Lead Form Available 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Off-State Voltage 

V DRM 


Volts 

(T c = 1 10°C) / B 


200 


l C 


300 


SC136 { D 


400 


( E 


500 


V M 


600 


RMS On-State Current 

■t(RMS) 

3.0 

Amp 

|T C = 65°C) 




Peak Non-Repetitive Surge Current 

•tsm 

30 

Amp 

(One Full Cycle, 60 Hz) 




Circuit Fusing 

|2 t 

3.6 

A2 s 

(t = 1 to 8.3 ms) 




Critical Rate of Rise of On-State Current 

di/dt 

5.0 

A /ms 

Peak Gate Power 

p GM 

5.0 

Watts 

Average Gate Power 

p G(AV) 

0.1 

Watt 

Peak Gate Voltage 

vgm 

5.0 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +110 

°C 

Storage Temperature Range 

T sta 

-40 to +150 

°C 

| THERMAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

10 

°C/W 

Junction to Ambient 

R 0 JA 

75 

°c/w 

A Trademark of Motorola Inc. 


TRIACS 


3 AMPERES RMS 
200-600 VOLTS 



B 


K , 


P 


i ° i 


T~ 





jn 

oi 

X 

""^1 


I 

u 

LI 

1 


T4 

- 

— Pn — 1 

-«—J 


^4 


STYLE 7 
PIN 1 MT1 

2 GATE 

3 MT2 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7 49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

nr 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0 655 

M 

3 

0 TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

v 

1.02 

- 

0.040 

- 


CASE 77-04 
TO- 126 
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SC 136 series 


"ELECTRICAL CHARACTERISTICS (Tc = +25°C, either polarity of MT2 to MT1 voltage, unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off-State Current 


>DRM 




mA 

(Vq = Rated Vqr^ Gate Open) 

T C = +25°C 


~ 

- 

10 



T C = +110°C 



- 

500 


Peak On-State Voltage 


VtM 

- 

- 

1.8 

Volts 

(•tm = 5A,Pulse Width = 1 ms. Duty Cycle < 2%) 







DC Gate Trigger Current 


'gt 




mAdc 

(V D = 6 Vdc, R L = 50 Ohms) 







MT2 (+), G (+); MT2 (-), G (-); MT2 (+). G (-) 

T c = 25°C 


- 

- 

25 


(V D = 12 Vdc, R L = 50 Ohms) 







MT2 (+), G (+); MT2 (-), G (-), MT2 (+) G (-) 

T C = -40°C 


- 

- 

50 


DC Gate Trigger Voltage 


V GT 




Vdc 

(V D = 12 Vdc, R L = 50 Ohms) 







MT2 (+), G (+); MT2 (-), G (-); MT2 (+), G (-) 

T c = 25°C 


— 

— 

2.0 



T C = -40°C 


- 

- 

3.0 


(Vp = Rated Vqrm, All Modes) 

T C = 110°C 


0.2 

- 

- 


Holding Current 


>H 




mAdc 

(Vp = 24 Vdc, R|_ = 200 Ohms, Gate Open) 








T c = 25°C 


- 

- 

50 



T c = -40°C 


- 

- 

100 


Latching Current 


'L 




mAdc 

(V D = 24 Vdc) 







Trigger Source: 5 V, 50 Ohms, 

T C = 25°C 






MT2 (+), G (+); MT2 (-), G (-); 



- 

- 

50 


MT2 (+), G (-) 



- 

- 

100 


Trigger Source: 10 V, 50 Ohms, 

T c = -40°C 






MT2 (+), G (+); MT2 (-), G (-); 



- 

- 

100 


MT2 (+), G (-) 



- 

- 

200 


Critical Rate-of-Rise of Off -State Voltage 


dv/dt 




Volts/jus 

(Vq = Rated Vqrm ( Gate Open) 

T C = 110°C 


- 

15 

- 


Critical Rate-of-Rise of Commutating Voltage 


dv/dt(c) 




Volts//is 

(V D = Rated V DRM# Ij(RMS) = 3 A , 







di/dt = 1 .6 A/ms, Gate Open) 

T c = 65°C 


- 

5 

- 



FIGURE 1 - RMS CURRENT DERATING 


FIGURE 2 - MAXIMUM POWER DISSIPATION 
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IT(RMS), RMS ON-STATE CURRENT (AMP) 


lT(RMS),RMS ON-STATE CURRENT (AMP) 
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SC141 

SC146 





m ~d G 


BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies. 

•Triggering Specified in Three Quadrants 

• Blocking Voltage to 600 Volts 

• All Diffused and Glass Passivated Junctions for Greater Parameter 

Uniformity and Stability 

• Small, Rugged, ThermowattA Construction for Low Thermal 
N Resistance, High Heat Dissipation and Durability 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Off -State Voltage, Gate Open, 

VdRM 


Volts 

l B 


200 


SC141 )D 


400 


SC 146 1 E 


500 


M 


600 


RMS On-State Current 

•t(RMS) 


Amp 

T C = 80°C SC 141 


6 


SC 146 


10 


Peak Non-Repetitive Surge Current 

•tsm 


Amp 

One Full Cycle, 60 Hz SC141 


80 


SC 146 


120 


Circuit Fusing Considerations 

|2 t 


a2 s 

t = 8.3 ms SC141 


26.5 


SC 146 


60 


Peak Gate Power (Pulse Width = 10 ms) 

p GM 

10 

Watts 

Average Gate Power (Tq - +80°C, t = 8.3 ms) 

P G(AV) 

0.5 

Watt 

Peak Gate Current (Pulse Width = 10 ms) 

•gm 

3.5 

Amp 

Peak Gate Voltage 

V GM 

10 

Volts 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T$tg 

-40 to +125 

°C 

| THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 


°c/w 

SC141 


2.2 


SC 146 


1.5 



TRIACS 


6 AND 10 AMPERES RMS 
200-600 VOLTS 




STYLE 2. 

PIN 1. MAIN TERMINAL 1 

2. MAIN TERMINAL 2 

3. GATE 

4. MAIN TERMINAL 2 


DIM 

MILLIN 

ETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

14 23 

15 87 

0 560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3 56 

4.82 

0.140 

0.190 

D 

0 51 

1.14 

0.020 

0 045 

F 

3.531 

3 733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0 110 

H 1 

_ 

6.35 

- 

0.250 

J 

0.31 

1 14 

0.012 

0.045 

K 

12.70 

14 27 

0.500 

0.562 

~T 

1 14 

1 77 

0.045 

0 070 

~N 

4 83 

5 33 

0.190 

0.210 

Q 

2.54 

3 04 

0 100 

0 120 

R 

2.04 

2 92 

0.Q80 

0 115 

S 

0 51 

1.39 

0.020 

0 055 

T 

5 85 

6 85 

0.230 

0.270 


CASE 221-02 
TO-220 AB 


All JEDEC dimensions and notes apply 


This is advance information and specifications are subject to change without notice. 


trademark of Motorola Inc. 
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SC141, SC146 


ELECTRICAL CHARACTERISTICS ITq = +25°C, Either Polarity of MT2 - to - MT1 Voltage unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off-State Current 

*DRM 




mA 

V D = Rated V DRM l 

Gate Open-Circuited Tc - +25°C 




0.1 


T C = +100°C 


- 

- 

0.5 


Peak On-State Voltage 

V TM 




Volts 

Pulse Width < 1 ms. Duty Cycle < 2%. 






SC141 l TM = 8.5 A Peak 


- 

- 

1.83 


SC146 l TM - 14 A Peak 


- 

- 

1.65 


Critical Rate of Rise of Off-State Voltage 

dv/dt 

- 

50 

- 

Volts/ps 

Vq = Rated Vqrm, Gate Open-Circuited, 

Exponential Waveform Tc = +100°C 






Critical Rate-of-Rise of Commutating Off-State Voltage (1 ) 

dv/dt(c) 




Volts/ps 

'"FIRMS) = R ated It(RMS), Vq = Rated V DRM> 






T C = +80°C 






Gate Open-Circuited 






SC141 Commutating di/dt = 3.2 A/ms 


4 

- 

- 


SC146 Commutating di/dt = 5.4 A/ms 


4 

- 

- 


DC Gate Trigger Current 

•gt 




mAdc 

V d = 1 2 Vdc, T rigger Mode 

MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 100 Ohms 




50 


MT2 (+), Gate {-); R|_ = 50 Ohms 

MT2 (+), Gate (+); MT2 (-), Gate (-); R|_ = 50 Ohms 


- 

- 

50 


T c = -40°C 


- 

- 

80 


MT2 (+), Gate (-); R L = 25 Ohms; T c = -40°C 


- 

- 

80 


DC Gate Trigger Voltage 

V GT 




Vdc 

Vq = 12 Vdc, Trigger Mode 

MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 100 Ohms 




2.5 


MT2 (+), Gate (-); Ri_ = 50 Ohms 

MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 50 Ohms 


- 


2.5 


T c = -40°C 


- 

- 

3.5 


MT2 (+), Gate (-); R|_ - 25 Ohms; T c = -40°C 

Vq = Rated Vq R m; R[_ = 1000 Ohms; All Polarities 


- 

— 

3.5 


T c = +100°C 


0.2 

- 

— 


Holding Current 

'H 




mAdc 

Vq = 24 Vdc, l T = 0.5A 

Pulse Width = 1 ms, Duty Cycle < 2%. 

Gate Trigger Source = 7 V, 20 Ohms Tq = +25°C 




50 


T c = -40°C 


- 

- 

100 


Latching Current 

•l 




mAdc 

Vq = 24 Vdc 

Gate T rigger Source = 15 V, 100 Ohms, T rigger Mode 

MT2 (+), Gate (+); MT2 (-), Gate (-) 




100 


MT2 (+), Gate (-) 


- 

- 

200 


MT2 (+), Gate (+); MT2 (-), Gate (-); T c = -40°C 


- 

_ 

200 


MT2 (+), Gate (-); T c = -40°C 


~ 

- 

400 
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SC245 
SC245( )3 
SC246 



SC246 STYLE 3: 

PRPQQ cit TERM 1 GATE 
PRESS FIT 2. MAIN TERMINAL 1 

3. MAIN TERMINAL 2 


BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
fullwave control of ac loads in applications such as light dimmers, 
power supplies, heating controls, motor controls, welding equipment 
and power switching systems. 

• All Diffused and Glass Passivated Junctions for Greater Stability 

• Gate Triggering Guaranteed In All 4 Quadrants 

• Three Package Choices 

Pressfit — SC245 Series 

Stud - SC246 Series 

Isolated Stud — SC245 ( ) 3 Series 




MILLIMETERS INCHES 
DIM MIN MAX ~mTn MAX 

A 12.73 12 83 0 501 0 505 

B 11.81 ~ 12 06 0 465 0475 

C 8 39 ' 9 65 0 330 0 380 

E 2 54 - 0 100 - 

F 0 89 2 16 ~0035 POSIT 

J 2.04 2 46 0 080 0 097 


SC245 STYLE 3 

STUD TERM 1 MAIN TERMINAL 


MAXIMUM RATINGS 

Rating 


Repetitive Peak Off-State Voltage (1 ) 
T c = -40°C to +100°C 
SC246B, SC245B, SC245B3 
SC246D, SC245D, SC245D3 
SC246E, SC245E, SC245E3 
SC246M, SC245M, SC245M3 


RMS On-State Current 


Peak Non-Repetitive Surge Current 
(One Full Cycle, 60 Hz) 


Circuit Fusing Considerations 
t = 1 ms 
t = 8.3 ms 


Peak Gate Power 


Average Gate Power 


Operating Junction Temperature Range 


Storage Temperature Range 


Stud Torque 


THERMAL CHARACTERISTICS 






MILLIMETERS INCHES 
DIM MIN T MAX ~mTn I MAX 

A 15 34 | 15 60~ 0 6S4| 0 614 


1067 11 56 0420 0455 

9 78 10 54 0.385 0 415 

6 99 7,75 0 275 0 30 5 

1 65 I 4 06~ 0.065 0.f60 

165 REF 0 065 REF 
12 70 | 12 83~ ~0 500 I 0.505 


SC245( )3 
ISOLATED 
STUD 


STYLE 2 

PIN 1 MAIN TERMINAL 1 
2. GATE 

\ 3. MAIN TERMINAL 2 

STUD ISOLATED 


p G(AV) I 0-5 | Watt 


Tj -40 to +100 


Tctn -40 to +125 


A B 




MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 14 00 14,20 0 551 0.559 

B 12.73 12.83 0.501 0505 

C - 26.16 - 1-030 
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TC, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


SC245, SC245( )3, SC246 


ELECTRICAL CHARACTERISTICS (T^ = +25°C, either polarity of MT2 to MT1 unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off -State Current 

'DRM 




mA 

Rated Vdrm = Peak Off-State Voltage, 






Gate Open-Circuited Tc = +25° 


- 

- 

0.1 


T C = +100°C 


- 

- 

0.5 


Peak On-State Voltage 

V TM 

- 

- 

1.65 

Volts 

*TM = 14 A Peak, Pulse Width = 1 ms. 






Duty Cycle < 2%. 






Critical Rate of Rise of Off-State Voltage 

dv/dt 

- 

50 

- 

Volts/MS 

Rated Vqr^ Gate Open-Circuited, 






Exponential Waveform Tc = +100°C 






Critical Rate-of-Rise of Commutating Off-State Voltage 

dv/dt(c) 

4 

- 

- 

Volts/Ms 

•t(RMS) = Rated RMS On-State Current 






Vqrm = Rated Peak Off-State Voltage, 






Gate Open-Circuited, Commutating di/dt = 5.4 A/ms 






T c - +78.5°C 






DC Gate Trigger Current 

>GT 




mAdc 

V D = 12 Vdc 






MT2 (+),Gate (+); MT2 (-), Gate (-); RL = 100T2 


- 

- 

50 


MT2 (+), Gate (-); RL = 50H 


- 

- 

50 


MT2 (+), Gate (+); MT2 (-), Gate (-) R L = 50ST , T c = -40°C 


- 

- 

80 


MT2 (+), Gate (-) RL = 250, T c =-40°C 


- 

' 

80 


DC Gate Trigger Voltage 

V GT 




Vdc 

V D = 12 Vdc 






MT2 (+), Gate (+); MT2 (-), Gate (-); RL = 10012 


- 

- 

2.5 


MT2 (+), Gate (-) RL = 50n 


- 

- 

2.5 


MT2 (+), Gate (+); MT2 (-), Gate (-) R L = 50L2, T c = -40°C 


- 

- 

3.5 


MT2 (+), Gate (-) RL = 250, T c = -40°C 


- 

- 

3.5 


Vq = Rated VqrmRL = 1 kf2, T^ = 100°C 


.2 

- 



All Trigger Modes 






Holding Current 

lH 




mAdc 

Main Terminal Voltage - 24 Vdc, Ij = 0.5A 






Pulse Width = 0.1 to 10 ms 






Gate Trigger Source = 7 V, 20 Ohms 






T c = +25°C 


- 

- 

50 


T C =-40°C 


- 

- 

100 


Latching Current 

«L 




mAdc 

Main Terminal Source Voltage = 24 Vdc, 






Gate Trigger Source = 15 V, 100 Ohms, 






Pulse Width = 50 ms. Rise and Fall Times maximum = 5 ms 






Trigger Mode 






MT2 (+), Gate (+); MT2 (-), Gate (-); T c = 25°C 


- 

- 

100 


MT2 (+), Gate (-) 


- 

- 

200 


MT2 (+), Gate (+); MT2 (-), Gate (-); T c = -40°C 


- 

- 

200 


MT2 (+), Gate (-) 


- 

- 

400 





0 2 '4 6 8 10 


FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION 



'T(RMS), RMS ON -STATE CURRENT (AMP) 


IT(RMS), RMS ON-STATE CURRENT (AMP) 
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SC250 
SC250( )3 
SC251 


MT2 


TRIACS 



O MT1 


15 AMPERES RMS 
200-600 VOLTS 



BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled solid- 
state devices are needed. 

• All Diffused and Glass Passivated Junctions for Greater Stability 

• Pressfit, Stud and Isolated Stud Packages 

• Gate Triggering Guaranteed In All 3 Quadrants 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage 

VdRM 


Volts 

. SC251B, SC250B, SC250B3 


200 


SC251 D, SC250D, SC250D3 


400 


SC251E, SC250E, SC250E3 


500 


SC251M, SC250M, SC250M3 


600 


RMS On-State Current 

•t(RMS) 

15 

Amp 

Peak Non-Repetitive Surge Current 



Amp 

(One Full Cycle, 60 Hz) 





Circuit Fusing Considerations 

1 



t = 1 ms 



■ ■ 

t = 8.3 ms 

BB 


■ 

Peak Gate Power 

P GM 

10 

BEBB 

Average Gate Power 

p G(AV) 

0.5 


Peak Gate Power (Pulse Width = 10 /xs) 

>GM 

2 

Amp 

Operating Junction Temperature Range 

Tj 


°C 

Storage Temperature Range 

T stg 


°C 

Stud Torque 

- 

30 

in. lb. 


Characteristic 


Max 

HEEEHI 

Thermal Resistance, Junction to Case 

Rejc 


■ 

SC250, SC251 


2 

■ 1 

SC250 ( ) 3 


2.3 

II 




STYLE 3 
TERM. 1. GATE 

2. MAIN TERMINAL 1 

3. MAIN TERMINAL 2 


HI 




m 

1'i.va 



n 

cm 

im 

■'TMl 

ITEM 

n 

■ilia 

CEl 

irm 

FITiM 



kh 


ITEM 

wm 

B9 


■■ll'.'l 

■EBB 

WM 




lijlij.M 

u 



■'!' ,!il 

eeeb 

u 




EOEB 

n 


imi 

IBB 

rnml 

Ol 

■11-1 


I'l-'i 

I'lfM 


CASE 174-03 





CASE 175 02 


SC250( )3 
ISOLATED STUD 


H 

HTTTT 

tthth 

mm 

nsBj 


i.'.r.v# 





iCS.'.B 



n 

jay 

b a 

■imia 

EB3i| 

on 


mu 


PEI 





OEB 

oS 


■ It 11 

BBS 


wm 




BE0B 

wm 



BE | 

GS 1 

m 


1FITB 


EQ9 





BE3I 




■■Hi! 

EBB 

FB 




QB 

WM 


MWT1 

irrei 

EUB 

EH 






CASE 235-02 


STYLE 3 

TERM 1 MAIN TERMINAL 1 
2. GATE 

STUD MAIN TERMINAL 2 



STYLE 2. 

PIN 1 MAIN TERMINAL I 
2. GATE 

3 MAIN TERMINAL 2 
STUD ISOLATED 




This is advance information and specifications are subject to change without notice. 
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SC250, SC250( )3, SC251 


ELECTRICAL CHARACTERISTICS 

(Tc = +25°C unless otherwise noted. Values apply for either polarity of Main Terminal 2 Characteristics referenced to Main Terminal 1.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off -State Current 

'drm 




mA 

Vd = Rated VpRM 






Gate Open-Circuited T C = +25°C 


- 

— 

0.1 


T C = +115°C 


- 

- 

0.5 


Peak On-State Voltage 

V TM 

- 

- 

1.65 

Volts 

*TM " 21 A, Pulse Width = 1 ms. Duty Cycle < 2%. 






Critical Rate of Rise of Off-State Voltage 

dv/dt 

100 

- 

- 

Volts/ps 

Rated Vdrm Gate Open-Circuited, 






Exponential Waveform, Tc = +115°C 






Critical Rate-of-Rise of Commutating Off-State Voltage'll ) 

dv/dt(C) 




Volts//us 

•TIRMS) = Rated RMS On-State Current, Vq = Vqrm 






Gate Open-Circuited, Commutating di/dt = 8 A/ms 






SC250, SC251 T C = +84°C 


4 

- 

- 


SC250I )3 T c = +78°C 


4 

- 

- 


DC Gate Trigger Current 

! gt 




mAdc 

V D =12Vdc 






MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 100 Ohms 


- 

- 

50 


MT2 {+), Gate (-); R L - 50 Ohms 


- 

- 

50 


DC Gate Trigger Current 

>GT 




mAdc 

V D = 12 Vdc, T c = -40°C 






MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 50 Ohms 


— 

- 

80 


MT2 {+), Gate (-); R L = 25 Ohms 


- 

- 

80 


DC Gate Trigger Voltage 

V GT 




Vdc 

V D = 12 Vdc 






MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 100 Ohms 


- 

- 

2.5 


MT2 (+), Gate (-); R L = 50 Ohms 


- 

- 

2.5 


DC Gate Trigger Voltage 

vgt 




Vdc 

V D = 12 Vdc. T c = -40°C 






MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 50 Ohms 


- 

- 

3.5 


MT2 (+), Gate (-); R L - 25 Ohms 


- 

- 

3.5 


DC Gate Non-Trigger Voltage 

vgd 




Vdc 

Vo = Rated V DRM R L - IK Ohms. T c = 115°C 


0.20 

- 

- 


All Trigger Modes 






Holding Current 

'H 




mAdc 

Vo = 24 Vdc, Peak Initiating Current = 0.5 A, 






Pulse Width = 0.1 to 10 ms. Gate Trigger 






Source = 7 V, 20 Ohms 






T c = +25°C 



- 

50 


T c = -40°C 


- 

- 

100 


Latching Current 

'L 




mAdc 

V o = 24 Vdc, Gate Trigger Source = 15 V, 100 Ohms, 






Pulse Width = 50 ms, 5 /us Maximum Rise and Fall Times 






MT2 (+), Gate (+); MT2 (-), Gate (-); 






MT2 (+}. Gate {-) T c = 25°C 


- 

- 

100 


MT2 (+), Gate (+); MT2 (-), Gate (-); 






MT2 (+), Gate (-) T c = -40°C 


- 

- 

200 



FIGURE 1 - CURRENT DERATING 



FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION 


If(RMS), RMS AVERAGE ON-STATE CURRENT (AMP) 
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3 


SC260 
SC260( ) 
SC261 


o H— — 

^W>G 


O MT1 



BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup- 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled solid- 
state devices are needed. 

• All Diffused and Glass Passivated Junctions for Greater Stability 

• Pressfit, Stud and Isolated Stud Packages 

• Gate Triggering Guaranteed In All 3 Quadrants 


MAXIMUM RATINGS 

Rating 


Value 

Unit 

Repetitive Peak Off-State Voltage 

V DRM 


Volts 

T C = -40°C to +1 15°C 




SC260B, SC260B3, SC261 B 


200 


SC260D, SC260D3, SC261D 


400 


SC260E, SC260E3, SC261 E 


500 


SC260M, SC260M3, SC261M 


600 


RMS On-State Current 

IT(RMS) 

25 

Amp 

Peak Non-Repetitive Surge Current 

'tsm 

250 

Amp 

(One Cycle, 60 Hz) 




Circuit Fusing Considerations 

\ 2 t 


A^s 

t = 1 .0 ms 


150 


t = 8.3 ms 


260 


Peak Gate Power (Pulse Width = 10 ms) 

P GM 

10 

Watts 

Average Gate Power 

p G(AV) 

0.5 

Watt 

Peak Gate Current 

'gm 

2 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +1 15 

°C 

Storage Temperature Range 

T stg 

-40 to +125 

°C 

Stud Torque 

- 

30 

in. lb. 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Case 

R0JC 



SC 260, SC261 


1.8 


SC260( )3 


1.95 

H 



This is advance information and specifications are subject to change without notice. 
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SC260, SC260( >3,80261 


1 


ELECTRICAL CHARACTERISTICS 

(Tc = +25°C unless otherwise noted. Values apply for either polarity of Main Terminal 2 characteristics referenced to Main Terminal 1.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off-State Current 

'drm 




mA 

Vq = Rated Vqrm = Peak Off-State Voltage, 






Gate Open-Circuited Tc = +25°C 


— 

- 

0.2 


T C = +115°C 


- 

- 

1 


Peak On-State Voltage 

V TM 

- 

- 

1.58 

Volts 

ITM = 35 A Peak, Pulse Width = 1 ms. Duty Cycle < 2%. 






Critical Rate of Rise of Off-State Voltage 

dv/dt 

50 

- 

- 

Volts/jus 

Rated Vdrm, Gate Open-Circuited, 






Exponential Waveform Tc +115°C 






Critical Rate-of-Rise of Commutating Off-State Voltage 

dv/dt(c) 

5 

- 

- 

Volts/jus 

'T(RMS) = Rated RMS On-State Current 






Vqrm = Rated Peak Off -State Voltage, 






Gate Open-Circuited, Commutating di/dt - 13.5 A/ms, 






T C = +80°C 






DC Gate Trigger Current 

•gt 




mAdc 

V D = 12 Vdc 






MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 100 Ohms 


- 

- 

50 


MT2 (+), Gate (-); R L = 50 Ohms 


- 

- 

50 


DC Gate Trigger Current 

>gt 





Vq =12 Vdc, T C = -40°C 






MT2 (+), Gate (+); MT2 (-), Gate (-); R L = 50 Ohms 


- 


80 


MT2 (+), Gate (-); R L = 25 Ohms 


- 


80 


DC Gate Trigger Voltage 

v gt 




Vdc 

V D = 12 Vdc 


i 




MT2 (+), Gate (+); MT2 {-), Gate (-); R L = 100 Ohms 


— 

— 

2.5 


MT2 (+), Gate (-); R L = 50 Ohms 


- 

- 

2.5 


DC Gate Trigger Voltage 

vgt 


r 


Vdc 

Vq = 12 Vdc, T C = -40°C 






MT2 {+), Gate (+); MT2 (-),Gate (-); R L = 50 Ohms 


- 

— 

3.5 


MT2 (+), Gate (-); R L = 25 Ohms 


- 

- 

3.5 


DC Gate Non-Trigger Voltage 

vgd 

0.25 

- 

- 

Vdc 

V D = Rated V DRM/ R L = IK Ohms, T C =115°C 






All Trigger Modes 






Holding Current 

'H 




mAdc 

Vq = 24 Vdc, Peak Initiating Current = 0.5A, 






Pulse Width = 0.1 to 10 ms. Gate Trigger Source = 7 V, 20 Ohms 






T C = 25°C 


- 

- 

75 


T C = -40°C 


- 


100 


Latching Current 

•l 




mAdc 

Vq = 24 Vdc, Gate Trigger Source = 15 V, 100 Ohms, 






Pulse Width = 50 jus, 5 jus Maximum Rise and Fall Times 






MT2 (+), Gate (+); MT2 (-), Gate (-) T C = 25°C 


- 

- 

100 


MT2 l+). Gate (-) T c = 25°C 


- 

- 

200 


MT2 (+), Gate (+); MT2 (-), Gate (-); T C = -40°C 


- 

- 

200 


MT2 (+), Gate (-) T c = -40°C 


- 


400 



FIGURE 1 - CURRENT DERATING 


FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION 
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T2300P 

T2301P 

T2302P 

series 






o mti 


<b G 


SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . designed primarily for full-wave ac control applications such as 
light dimmers, motor controls, heating controls and power supplies; 
or, wherever full-wave silicon-gate-controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

Sensitive Gate Triggering Uniquely Compatible for Direct Coupling 
to TIL, HTL, CMOS and Operational Amplifier Integrated 
Circuit Logic Functions 

• TQ-5 Lead Form Available for Economical Replacement of 
T2300, T2301, and T2302 Series of Metal Triacs 
® Blocking Voltages to 600 Volts 

® All Diffused and Glass Passivated Junctions for Greater Parameter 
Uniformity and Stability 

® Small Rugged Thermopad A Construction for Low Thermal 
Resistance, High Heat Dissipation and Durability 


MAXIMUM RATINGS (Apply fo. Tj - 

-40 to 100°C unless otherwise noted) 


Rating i 

Suffix 

Symbol 

Value 

Unit 

Peak Repetitive Qff-State Voltage (Note 1) 



V DRM 


Volts 

T230QP, 12301 P, T2302P 


F 


50 




A 


100 




B 


200 




C 


300 




D 


400 




E 


500 




M 


600 


RMS On-State Current (T c - 70°C) 

! T(RMS) 

2.5 

Amp 

Peak Non-Repetitive Surge Current 



ItSM 

25 

Amp 

(One Full Cycle, 60 Hz) 






Circuit Fusing 



|2 t 

2.6 

A2s 

(t -8.3 ms) 






Peak Gate Power (1 ps) 

p GM 

10 

Watts 

Average Gate Power 

P G(AV) 

0.15 

Watt 

Peak Gate Current (1 ps) 

>GM 

0 5 

Amp 

Operating Junction Tempeiature Range 

Tj 

-40 to ^ 100 

°C 

Storage Temperature Range 

T stg 

-40 to -r 150 

Q c 

Mounting Torque (6-32 Screw), Note 2 

- 

8.0 

in. lb. 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R flJC 

8.5 

°c/w 

T hermal Resistance, Junction to Ambient 

n*jA 

75 

°c/w 

NOTES: 

1. Parings apply for open gate conditions. Thyristor devices shall not he tested with a 
constant current source for blocking capability such that the voltage applied exceeds the 
rated blocking voltage. 

2. Torque rating applies with use of torque washer (Shakeproof WD19b23 or equivalent). 
Mounting torque in excess of 6 in. lb. does not appreciably lower case-tq sink thermal 
resistance. Main terminal 2 and heat sink contact pad are common. 

For soldering purposes (either terminal connection or device mounting*, soldering tem- 
peratures shall not exceed - t 20D°C. for 10 seconds. Consult factory tor lead bending 
options. 


^Trademark of Motorola Inc. 



SENSITIVE GATE 
TRIACS 

2.5 AMPERES RMS 
50-600 VOLTS 




2 GATE 

3 MT2 



MILLIMETERS 

INCHES | 

DIM 

r MIN 

MAX 

MIN 

MAX 

r A 

10 80 

11 05 

0 4? 6 

0 436 H 

HP 

7 49 

7 75 

0 205 

n Job 

c 

2 41 

267 

Cl 095 

0 105 

0 

r 051 

0 66 

o 0/0 

0 026 ' 

F 

2 9? 

3 18 

o Tib 1 

0 125 

l~G 

231 

2 46 

0 091 

0 09/ 

jQ 

1 27 

241 

0 050 

0 095 1 

J 

0 38 

0 64 

0 015 

0 025 

K ! 

15 11-1 

16 54 | 

’ 0 595 

0 655 i 

~M J 

3 U r vp 

3° tvp 

Q j 

3 76 

4 01 

0 148 

0 168 

r 

^ 1 14 -1 

1 40 

0.045 

0 056 

s 

0 64 

0 89 

0 025 

0 035 1 

fir 

3G8 

3.94 

0 145 

0 155 

LYj 

1 0? 

r - |0 040 

f 


CASE 77 04 
T0-126 
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T2300P, T2301P, T2302P series 


ELECTRICAL CHARACTERISTICS 

(Voltage reference is to main terminal 1 . Data applies for either polarity of MT2 to MT1 voltages and for Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Repetitive Off-State Current All Types 

HE33IHi 

- 

- 

0.75 

mA 

(Vq = Rated Vqrm, Gate Open, Tq = 100°C) 

■jM 





Peak On-State Voltage 


- 

- 

1.8 

Volts 

(ITM = 3.5 A ' Pulse Width = 1 ms, Duty Cycle 2%) 

HI 





DC Gate Trigger Voltage (All Modes) All Types 

V GTM 





(V D = 12 V, R l = 30 n) 


- 

- 



(V D = Rated V DRM , R L = 10 kn, T C =. 100°C) v 


0.15 

- 



DC Gate Trigger Current (All Modes) 

•gtm 




mA 

(V D = 12 V, R l = 30 ft) T2300P Series 


- 

- 

3.0 


T2301P Series - 


- 

- 

4.0 


T2302P Series 


- 

- 

10 


Holding Current 

■h 





( Vq = 1 2 V, l TM = 1 50 mA, Gate Open) T2300P, T2301 P Series 


- 

- 

5.0 

■ 

T2302P Series 


- 

- 

15 

■ 

(Tq = -40°C) T2300P, T2301 P Series 


_ 

- 

17 


T2302P Series 


- 

- 

35 

H 

Gate-Controlled Turn-On Time All Types 

*gt 

_ 

- 

2.5 

■ 

(Vq = Rated Vqrm, Iq = 60 mA, 1 XM = 3.5 A) 





■ 

Critical Rate of Rise of Commutating Voltage All Types 

dv/dt(c) 

- 

2.0 

- 


(V D m = Rated V DRM- 'T(RMS) = 2 5 A > 






di/dt = 0.95 A/ms, Gate Unenergized, Tq = 70°C) 






Critical Rate of Rise of Off-State Voltage 

dv/dt 





(Vqm = R at ed Vq R m, Exponential Rise, Gate Open) 






(Tq = 90°C) T2300P, T2301 P Series 


- 

5.0 

- 


(Tq = 100°C) T2302P Series 


- 

10 

~ 




ll(RMS). rm S ON-STATE CURRENT (AMP) 


FIGURE 2 - RMS CURRENT DERATING FOR 
OPERATION WITHOUT HEAT SINK 



0.1 0.4 0.6 0.8 1.0 1.2 

'T(RMS)' RMS ON-STATE CURRENT (AMP) 


FIGURE 3 - ON-STATE POWER DISSIPATION 
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TRIACS 


6 AMPERES RMS 
200-400 VOLTS 


BIDIRECTIONAL TRIODE THYRISTORS 


. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies. 


• Blocking Voltage to 400 Volts 

• All Diffused and Glass Passivated Junctions for Greater 

Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt a Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 



SEATING 
\ PLANE 



Symbol 

Value 

Unit 

v DROM 

200 

400 

Volts 



RMS On-State Current (Tq = +80°C) 

Full Cycle Sine Wave 50 to 60 Hz 

Peak Non-Repetitive Surge Current 
(One Full Cycle, 60 Hz, T c = +80°C) 


Peak Gate Power 

(T c = +80°C, Pulse Width = 1 ms) 


Average Gate Power 

(T C = +80°C, t = 8.3 ms) 


Peak Gate Trigger Current (Pulse Width = 10 ms) 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 





STYLE 2: 

PIN 1. MAIN TERMINAL 1 

2. MAIN TERMINAL 2 

3. GATE 

4. MAIN TERMINAL 2 

MILLIMETERSl INCHES 
DIM MIN MAX MIN MAX 

A 14.23 15.87 0.560 0.625 



C 

3.56 

4.82 

0.140 

0.190 

D 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 


6.35 

_ 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0 500 

0.562 

L 

1.14 

1.77 

0.045 

0.070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.92 

0.080 

0.115 

s 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 

CASE 221 
TO-220 i 

-02 


All JEDEC dimensions and notes apply 
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Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


T2500 


ELECTRICAL CHARACTERISTICS (Tp = 25°C and Either Polarity of MT2-to-MT1 Voltage, unless otherwise specified.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off-State Current 


_ 

_ 

2 

mA 

Vp = Rated VpRM @ Tj = 100°C, Gate Open 





Maximum On-State Voltage (Either Direction) 


- 

- 

2 

Volts 

Itm = 30 A Peak 






Gate Trigger Current, Continuous dc 

'GT 




mA 

V D = 12 Vdc, R|_ = 12 Ohms 

VMT2 (+).V G (+) 


_ 

10 

25 


V MT2 (+), V G (-) 


- 


60 


V MT2 (-).VG(-) 


- 

15 

25 


VmT2 {-)• V G (+) 


- 

30 

60 


Gate Trigger Voltage, Continuous dc (All Polarities) 

VGT 





Vp = 12 Vdc, R l = 12 Ohms 


— 

1.25 

2.5 

1 ■ ■ 

Vp = Vp R M, “ 125 Ohms, T c = 100°C 


0.2 

- 


ip 

Holding Current 

•ho 

- 

15 

30 


Vp = 12 Vdc, Gate Open 






Initiating Current = 150 mA, Tp = 25°C 






Gate Controlled Turn-On*Time 

igt 

- 

1.6 

2.5 

MS 

Vp = Rated Vp R M f Ij = 10 A, 





•GT = 160 mA, Rise Time = 0.1 






Critical Rate of Rise of Commutation Voltage 

dv/dt(c) 

_ 

10 

_ 

V/ms 

Vp = Rated V DRM# Ij(RMS) = 6 A. 






Commutating di/dt = 3.2 A/ms, 

Gate Unenergized, Tp = 80°C 






Critical Rate of Rise of Off-State Voltage 

dv/dt 




V/ms 

Vp = Rated Vp R |y| Exponential Voltage Rise, 

Gate Open, Tp = 1 00°C T2500B 


100 




T2500D 


75 

- 

- 



FIGURE 1 - CURRENT DERATING 


FIGURE 2 - POWER DISSIPATION 
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T2800 

T2802 





6g 


BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies. 

• Blocking Voltage to 600 Volts 

• All Diffused and Glass Passivated Junctions for Greater 

Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt a Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 

• T2800 — Four Quadrant Gating 
T2802 — Two Quadrant Gating 


TRIACS 

8 AMPERES RMS 
200-600 VOLTS 



MAXIMUM RATINGS 

Rating 1 

Symbol 

Value 

Unit 

Peak Repetitive Off-State Voltage (1) - 


V DRM 


Volts 

(Tj = -40 to +100°C) Gate Open 

B 


200 


( 

C 


300 


T2800 1 

D 


400 


T2802 j 

E 


500 


V 

M 


600 


1 RMS On-State Current (T C = +80°C) 

■t(rms) 

8 

Amp 

(Conduction Angle = 360°C) 




Peak Non -Repetitive Surge Current 


'tsm 

100 

Amp 

(One Full Cycle, 60 Hz, Tj = +80°C) 





Fusing Current 


|2 t 

50 

A2s 

(Tj = -40 to +100°C, t = 1 .25 to 10 ms) 




Peak Gate Power (Pulse Width = 1 ms) 

P GM 

16 

Watts 

Average Gate Power 

p G(AV) 

0.35 

Watt 

|Peak Gate Trigger Current (Pulse Width = 

1 MS) 

•gtm 

4 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T stg 

-40 to +150 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

2.2 

°C/W 

(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 

constant current source for blocking capability such that the voltage applied exceeds 

the rated blocking voltage. 







PIN 1. MAIN TERMINAL 1 

2. MAIN TERMINAL 2 

3. GATE 

4. MAIN TERMINAL 2 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

’6.87 

0.560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 

D 

0.51 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 

_ 

6.35 

- 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.77 

0.045 

0.070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

B 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO-220 AB 

All JEDEC dimensions and notes apply 


^Trademark of Motorola Inc. 
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T2800, T2802 


ELECTRICAL CHARACTERISTICS IT C - 25°C unless otherwi 

Characteristic 

Peak Off -State Current {Either Direction) 

Rated Vqrm @ Tp = 100 U C, Gate Open 
Peak On-State Voltage (Either Direction) 

i T = 30 A Peak 

Gate Trigger Current, Continuous dc 
V 0 =-“ 12 Vdc, R L = 12 Ohms 
V MT2 (+), Vq(+) T280Q 
T2802 

V M T2 (+),V GW T2800 Only 
VMT2 (--)' V G{-) T2800 
T2802 

V MT2 {-)» v G(f) T2800 Only 

Gate Trigger Voltage, Continuous dc (All Polarities) 

V D = 12 Vdc, R L * 100 Ohms 
R L - 125 Ohms, Vq = V DRMf Tc = 100°C 
j Holding Current (Either Direction) 

Vq = 12 Vdc, Gate Open, T2800 

lj ° 125 mA T2802 

Gate Controlled Turn-On Time 

Rated Vq R qm» Ij ~ 10 A, Iqj = 80 mA, Rise Time = 0.1 ps 
Critical Rate of Rise of Commutation Voltage 

Rated VpRjV), It(RMS) = 8.0 A, Commutating di/dt = 4.3 A/ms, 
Gate Unenergized, Tq = 80°C 
Critical Rate of Rise of Off-State Voltage 
Rated Vq R |^ Exponential Voltage Rise, 

Gate Open, Tp = 100°C 

T2800 
T2802 


B 

C 

D 

E 

M 


FIGURE 1 - CURRENT DERATING 



P(AV), AVERAGE POWER DISSIPATION (WATTS) 



FIGURE 2 - POWER DISSIPATION 
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T2801 





F ^ OMT1 


BIDIRECTIONAL TRIODE THYRISTORS 

r . . designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies. 

• Blocking Voltage to 600 Volts 

• All Diffused and Glass Passivated Junctions for Greater 

Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt ± Construction for Low Thermal 

Resistance, High Heat Dissipation and Durability 


TRIACS 


\ 6 AMPERES RMS 
200-600 VOLTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit | 

Peak Repetitive Off-State Voltage (1) 

(Tj = -40 to +100°C) Gate Open 

(: 

T2801 < D 

/ E 

I M 



■ 

RMS On-State Current (Tc = +80°C) 

(Conduction Angle = 360°C) 

'T(RMS) 

6 

Amp 

Peak Non-Repetitive Surge Current 
(One Full Cycle, 60 Hz) 


80 

hh 

Fusing Current 

(Tj = -40 to +100°C, t = 1 to 8.3 ms) 

|2 t 

35 

1 

Peak Gate Power 

(T c = +80°C, Pulse Width = 2 ms) 

P GM 

16 

Ml 

Average Gate Power 

(Tc » +80°C, t =8.3 ms) 

P G(AV) 

0.35 

1 

Peak Gate Trigger Current (Pulse Width = 1 ns) 

'GTM 

4 

Amp 

Operating Junction Temperature Range 

Tj 

-40 to +100 

°C 

Storage Temperature Range 

T St.q 

-40 to +150 

°C 

II 1 II III 1 

Characteristic 

Symbol 

Max 

■EB 

Thermal Resistance, Junction to Case 

R 0JC 

2.2 

°c/w 

(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 
constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 


SEATING 
\ PLANE 




5 


-i 


£1T 

I SECT A-A 


U 


r B 

i 


j| 

1 2 

T ' 

jj4 

T 

H 

y u 

It 

U 

k-L 

4U 

— G 


STYLE 2: 

PIN 1. MAIN TERMINAL 1 
• 2. MAIN TERMINAL 2 

3. GATE 

4. MAIN TERMINAL 2 


DIM 

MILLIH 

1ETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

14.23 

15.87 

0.560 

0.625 

B 

9.66 

10.66 

0.380 

0.420 

C 

3.56 

4.82 

0.140 

0.190 

D 

051 

1.14 

0.020 

0.045 

F 

3.531 

3.733 

0.139 

0.147 

G 

2.29 

2.79 

0.090 

0.110 

H 

_ 

6.35 

- 

0.250 

J 

0.31 

1.14 

0.012 

0.045 

K 

12.70 

14.27 

0.500 

0.562 

L 

1.14 

1.77 

0.045 

0.070 

N 

4.83 

5.33 

0.190 

0 210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.92 

0.080 

0.115 

S 

0.51 

1.39 

0.020 

0.055 

T 

5.85 

6.85 

0.230 

0.270 


CASE 221-02 
TO-220 AB 

All JEDEC dimensions and notes apply 


This is advance information and specifications are subject to change without notice. 
^Trademark of Motorola Inc. 
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TC, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


T2801 


ELECTRICAL CHARACTERISTICS |Tq = 25°C, Either Polarity of MT2-to-MT1 Voltage, unless otherwise specified) 


Characteristic 

Symbol 


Typ 

Max 

BE233I 

Peak Off-State Current 


_ 

_ 

2 

mA 

Rated Vqrm, Gate Open, Tj = 100°C 






Peak On-State Voltage 

VtM 

- 

2 

3 

Volts 

•tM = 30 A Peak; Pulse Width = 1 to 2 ms. Duty Cycle < 2% 






Gate Trigger Current, Continuous dc (1 ) 

'gt 

_ 

25 

80 

mA 

Vq = 12 Vdc, R L = 12 Ohms 






Gate Trigger Voltage, Continuous dc (1 ) 

Vqt 




Volts 

V D = 12Vdc, R L = 12 0hms 


- 

1.5 

4 


V D = V D RM, Rl - 125 Ohms, T c = 100°C 


0.2 

- 

- 


Holding Current (Either Direction) 

'h 

- 

100 



Vq = 12 Vdc, Gate Open, Initiating Current = 150 mA 





■Mil 

Turn-On Time (1 ) . 


- 


— 


Vq = Rated Vqrm # Ij = 10 A, Iqj = 80 mA, Rise Time = 0.1 fis 






Critical Rate of Rise of Commutation Voltage 

dv/dt(c) 

- 


_ 

v/ms 

Vq = Rated Vqrm, It(RMS) = 6.0 A, Commutating di/dt = 4.3 A/ms, 






Gate Unenergized, Tq = 80°C 






Critical Rate of Rise of Off-State Voltage 

dv/dt 


■ 


V/ms 

Vq = V DRM, Exponential Voltage Rise, Gate Open, Tq = 100°C 






( 8 


50 

- 

- 


T2801 < C 


40 

- 

- 


) D 


30 

— 

— 


( E 


20 

- 

- 



(1) Applies for MT2 (+), G (+). MT2 (-), G (-) , 


FIGURE 1 - CURRENT DERATING 


FIGURE 2 - POWER DISSIPATION 



IT(RMS), RMS ON-STATE CURRENT (AMP) 



1 2 3 4 5 6 7 


IT(RMS), RMS ON-STATE CURRENT (AMP) 
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T4120 


MT2 — 





SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. „ . designed primarily for industrial and military applications for 
full wave control of ac loads in applications such as light dimmers, 
power supplies, heating controls, motor controls, welding equipment 
and power switching systems. 

• All Diffused and Glass Passivated Junctions for Greater Stability 

• Isolated Stud Package 

• Gate T riggenng Guaranteed In All 4 Quadrants 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Off-State Voltage (1 ) 

V DRM 


Volts 

(Tj - -65 to +100°C) Gate Open 




T4120B 


200 


D 


400 


M 


600 


RMS On-State Current 

*T(RMS) 

15 

Amp 

(Conduction Angle - 360°C) T c = +75°C 



Peak Non-Repetitive Surge Current 

l TSM 

100 

Amp 

(One Full Cycle, 60 Hz) 




Circuit Fusing 

|2 t 

50 

A2s 

(T c = -65 to +100°C, t - 1 .25 to 10 ms) 




Peak Gate Power (Pulse Width = 1,0 ms) 

P GM 

16 

Watts 

Average Gate Power 

p G(AV) 

0.5 

Watt 

Peak Gate Trigger Current (Pulse Width = 1 ms) 

*GTM 

4 

Amp 

Operating Case Temperature Range 

T C 

-65 to +100 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud Torque 

- 

30 

in. lb. 

|THERMAL CHARACTERISTICS 1 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R t>JC 

1.1 

°c/w 

(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 

constant current source for blocking capability such that the voltage applied exceeds 

the rated blocking voltage. 





TRIACS 

15 AMPERES RMS 
200-600 VOLTS 



STYLE 2: 

PIN 1 MAIN TERMINAL 1 
2 GATE 

3. MAIN TERMINAL 2 
STUD ISOLATED 





E3H1S 

mm 


EM 

mi 

h'.lf 

EM 

n 

irirrti 


mmw 

I'l-f-Tl 

n 

tftXi 

1X1*1 

BESIl 

EEM 

n 

HSH 

IH1II 

HBB 

■eem 

wm 

wwm 

warm 

jMf.il 

DEI 

of 

■si 


HBB 

■■HU 

rai 

■nil 


EEma 

W'K'M 


1 Ht-iM 


EE3 

ina 

S3 

■:»'/! 

iltlfl 

ma 

wmm 

wm 


1B1 

»?rai 

oa 

ni 


wm 


M'JWW 

wm 

«cfi 

mm 

BIFIi 

K>IfM 

wm 


KWFW 



a 


vm 


EB-Bi 


CASE 235 02 
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MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


T4120 


ELECTRICAL CHARACTERISTICS (Tq = 25°C, either polarity of MT2 to MT1 voltage, unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off-State Current Gate Open 

'DRM 

- 

_ 

2 

mA 

Rated V DRM @ T C = 100°C 






Peak On-State Voltage 

v tm 

- 

1.4 

1.8 

Volts 

lj = 21 APeak 






Gate Trigger Current, Continuous dc (1 ) 

•gt 




mA 

V D = 12 Vdc, R[_ = 30 Ohms 






V MT2 (+). Vg (+).' V M T2 <-). Vq (-) 


- 

- 

50 


V MT2 (+).Vg (-); V(y| T2 (-)-V G (+) 


- 

- 

80 


V MT2 (+)- Vg (+); V MT 2 (-), V G (-). T c = -€5°C 


- 

- 

150 


VMT2 (+)- Vg (-),- V MT 2 (_), V G (+), T c = -65°C 


- 

- 

200 


Gate Trigger Voltage, Continuous dc (All Quadrants) 

v GT 




Volts 

V D = 12Vdc, R L = 30 Ohms 






T C = 25°C 


- 

- 

2.5 


T C = -65°C 


- 

- 

4 


Vq = Rated Vq R qm< r L = 125 Ohms, Tq = 100°C 


0.2 

- 



Holding Current 

'H 




mA 

Vq = 12 Vdc, Gate Open 






lj = 500 mA 






T c = 25°C 


- 

- 

75 


T C = -65°C 


- 

- 

300 


Gate Controlled Turn-On Time 

t gt 

- 

1.6 

2.5 

MS 

Vq = Rated Vq R |\/], Ijm = 25 A Peak, 






Iqt = 160 mA, Rise Time = 0.1 ms 






Critical Rate-of-Rise of Commutation Voltage 

dv/dt(c) 

2 

10 

- 

V/ms 

Rated V DRM , Ij(RMS) = 15 A, 






Commutating di/dt = 8 A/ms, Gate Unenergized. Tq = 75°C 






Critical Rate-of-Rise of Off-State Voltage 

dv/dt 




V/ms 

Rated Vq R m, Exponential Voltage Rise, Gate Open, Tq = 100°C 






T4120B 


30 

150 

- 


D 


20 

100 

- 


M 


10 

75 

- 



(1) All Voltage polarity reference to main terminal 1. 


FIGURE 1 - CURRENT DERATING 




0 4 8 12 16 


IT(RMS), RMS ON-STATE CURRENT (AMP) 


IT(RMS), ON-STATE CURRENT (AMP) 
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T6400 

T6410 

T6420 


ft /it? 



kT \J (VI 1 1 

G 


SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for the 
control of ac loads in applications such as power supplies, heating 
controls, motor controls, welding equipment and power switching 
systems; or wherever full-wave, silicon gate controlled solid-state 
devices are needed. 


Glass Passivated Junctions and Center Gate Fire 

Press Fit Stud - T6400 
Stud -T6410 
Isolated Stud - T6420 


Gate Triggering Guaranteed in All 4 Quadrants 


TRIACS 


40 AMPERES RMS 
200-800 VOLTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Peak Repetitive Off-State Voltage 

V DRM 


Volts 

(Tj = -65 to +1 10°C) Gate Open 




T6400B, T6410B, T6420B 


200 


T6400D, T6410D, T6420D 


400 


T6400M, T6410M, T6420M 


600 


T6400N, T6410N, J6420N 


800 


On-State Current RMS Tc (Pressfit) = 70°C 

It(rms) 

40 

Amp 

(Conduction Angle = 360°C)T C (Stud) = 65°C 




Peak Surge Current (Non-Repetitive) 

'tsm 

300 

Amp 

(One Full Cycle, 60 Hz) 




Circuit Fusing 

|2 t 

450 

A2s 

(Tj « -65 to +1 10°C, t = 1 .25 to 10 ms) 




Peak Gate Power 

p GM 

40 

Watts 

(Pulse Width = 10 /is) 




Average Gate Power 

p G(AV) 

0.75 

Watt 

Peak Gate Current (Pulse Width = 1 jus) 

>GTM 

12 

Amp 

Operating Temperature Range 

T C 

-65 to +110 

°C 

Storage Temperature Range 

T stg 

-65 to +1 50 

°C 

Stud Torque 

- 

30 

in. lb. 

THERMAL CHARACTERISTICS 1 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case Pressfit 

R 0JC 

0.8 

°C/W 

Stud 


0.9 


isolated Stud 


1.0 
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T6400, T6410, T6420 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off-State Current (Either Direction) 

■drm 

_ 

_ 

4 

mA 

Rated Vqrm @ Tj = 1 10°C, Gate Open 






Maximum On-State Voltage (Either Direction) 

V TM 

- 

1.5 

2 

Volts 

l T = 100 A Peak 






Gate Trigger Current, Continuous dc (1) 

>GT 




mA 

Vq = 12 Vdc, R(_ = 30 Ohms 






V MT2 (+)• V G< + ) 


- 

15 

50 


V MT2 (+)• V G(-) 


- 

30 

80 


V MT2 (-)- V G(-) 


- 

20 

50 


V MT2 (-)- V G( + ) 


- 

40 

80 


V MT2 (+)- v G(+)i VMT2 (-)- v G(-)< T C = -65°C 


- 

_ 

125 


V MT2 (+)• V G(-)-' V MT2 (-)• v G(+)< T C = -65°C 


- 

- 

240 


Gate Trigger Voltage, Continuous dc 

V GT 




Volts 

V D - 12 Vdc, R l = 30 Ohms, T c = 25°C 


- 

1.35 

2.5 


Tq = -65°C 


- 


3.4 


V D = Rated V DRM , R L = 125 Ohms, T c = 110°C 


0.2 


- 


Holding Current (Either Direction) 

• ho 




mA 

Vq - 12 Vdc, Gate Open 






Initiating Current - 500 mA Tq = 25°C 


- 

25 

60 


T c = -65°C 


- 

• - 

100 


Gate Controlled Turn-On Time 

tgt 

_ 

1.7 

3 

PS 

Rated Vqrm, ly - 60 A, Iqj = 200 mA, Rise Time = 0.1 /us 


j 




Critical Rate of Rise of Commutation Voltage, On-State Conditions: 

dv/dt(c) 

- 

5 

-- 

V/Vs 

di/dt - 22 A/ms, Gate Unener(ji<?ed. Vq - Rated VqrqM- 






*T(RMS) = 40 A , Tq (Pressfit) 70°C Tq (Stud) = 65°C 







(1) All voltage polarity reference to main terminal 1. 



FIGURE 1 - ON-STATE POWER DISSIPATION 



FIGURE 2 - RMS CURRENT DERATING 
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T6401 

T6411 

T6421 







SILICON BIDIRECTIONAL TRIODE THYRISTORS 

. . . designed primarily for industrial and military applications for 
full wave control of ac loads in applications such as light dimmers, 
power supplies, heating controls, motor controls, welding equipment 
and power switching systems. 

• Glass Passivated Junctions and Center Gate Geometry 

• Isolated Stud Available for Ease of Assembly (T6421 Series) 

• Gate Triggering Guaranteed In All 4 Modes 


TRIACS 


30 AMPERES RMS 
200-600 VOLTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Repetitive Peak Off-State Voltage 

V DRM 


Volts 

(Tj = -65 to +100°C) Gate Open 




T6401B, T6411B, T6421B 


200 


T6401 D, T641 ID, T6421 D 


400 


T6401M, T641 1 M , T642 1 M 


600 


On-State Current RMS 

•t(rms) 

30 

Amp 

(Conduction Angle = 360°C) Tc < +65°C 




Peak Non-Repetitive Surge Current 

•tsm 

300 

Amp 

(One Full Cycle. 60 Hz) 




Circuit Fusing 

|2 t 

450 

A2s 

(T j = -65 to +1 00°C, t = 1 .25 to 1 0 ms) , 




Peak Gate Power 

p GM 

40 

Watts 

(Pulse Width = 1.0 ms) 




Average Gate Power 


0.75 


Peak Gate Current Pulse Width < 1 ms) 

Igm 

2 

Amp 

Operating Case Temperature Range 

T C 

-65 to +100 

°C 

Storage Temperature Range 

T stg 

-65 to +150 

°C 

Stud Torque 

- 

30 

in. lb. 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case Pressfit 

R 0JC 

0.8 

°C/W 

Stud 


0.9 


Isolated Stud 


1.0 
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Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


T6401, T6411, T6421 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, and Either Polarity of MT2 to MT1 , unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Peak Off-State Current 

'drm 

_ 

_ 

4 

mA 

Vq = Rated Vo R ^ @ Tj - 10Q°C, Gate Open 





Maximum On-State Voltage (Either Direction) 

V TM 

- 

2.1 

2.5 


ITM ~ f 00 A Peak 




mgm 

Gate Trigger Current, Continuous dc (1 ) 

<GT 





Vo = 12 Vdc, Rl ~ 30 Ohms 




■ 

V MT2 (+), V G(+); VMT2(-), V G(-) 


- 

20 

50 

■ 

VmT2 (+), V G(-); V M T2(-), V G(+) 



35 

80 

1 

Gate Trigger Voltage, Continuous dc. All Trigger Modes 

Vgt 





V D = 12 Vdc, - 30 Ohms 

_ 

1.35 

2.5 


V D = Rated V DRM> R L = 125 Ohms, T c = 100°C 


0.2 

- 

- 


Holding Current 

•ho 

- 

- 

60 


Vp = 12 Vdc, Gate Open 
lj = 150mA 





■1 

Gate Controlled Turn-On Time 

% 

- 

1.7 

3 

MS 

Vd “ Rated Vdrm, *TM ~ 45 A, Iqj " 200 mA, Rise Time'= 0.1 ms 





Critical Rate of Rise of Commutation Voltage, On-State Conditions: 

dv/dt(c) 

3 

20 

- 

v/ms 

di/dt = 16 A/ms, Gate Unenergized, Vq = Rated Vopjv), 

It(RMS) = 30 A, Tq = Rated Value from Figure 1 






Critical Rate of Rise of Off-State Voltage - 

dv/dt 




V/ms 

Vq = Rated Vq R j^ ( Exponential Rise, Tq - 100°C 






T6401 B, T641 1 B, T6421 B 


40 

- 

- 


T6401 D, T641 1 D, T6421 D 


25 

- 

- 


T6401M, T6411M, T6421M 


20 

” 

~ 



FIGURE 1 - CURRENT DERATING 




IT(RMS), RMS ON-STATE CURRENT (AMP) 


IT (RMS), ON-STATE CURRENT (AMP) 
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LEADFORM OPTIONS 

Plastic packaged semiconductors may be ieadfformed to a 
variety of configurations for insertion into sockets and 
boards designed for metal can devices. The following are 
standard leadforms offered by Motorola. 

THYRISTOR AND TRIGGER LEADFORM OPTIONS 

To order leadformed product, determine the form desired, 
and specify case number and applicable leadform number. A 
special device title will be assigned by the factory to process 
your order. Certain standard devices already incorporate a 
leadform, and may be purchased without consulting the 
factory. 
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PLASTIC POWER TRANSISTOR 
LEADFORM OPTIONS 


TO-126 (Case 77), TO -127 (Case 90), TO-220 (Case 221A) 

Devices may be leadformed by first converting to a special 
“SJE” number. The factory must be given the designation of 
the package and the applicable leadform suffix letter. The 
factory must be consulted. 

TO-202 (Duo watt) Case 152 (Unlwatt) 

Any device in these packages may be leadformed by desig- 
nating the proper suffix number after the device type called 
out. 

Example — To leadform an MPS-U01 into the TO-5 configura- 
tion, designate it as: MPS-U01-05. 










Plastic Power Transistor 
Leadform Options (continued) 
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MOUNTING 

HARDWARE 

TO-3 


This hardware is applicable 
to the following packages. 
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MOUNTING HARDWARE TO 3 



0.003 TEFLON-COATED .020 ALUMINUM 

FIBERGLASS INSULATOR INSULATOR 

B510S0A001 B51G78A001 





NYLON INSULATING BUSHING 
B51547F002 


TRANSISTOR SOCKET 
B51084A001 



BACK TEMPLATE 
B51087A002 
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MOUNTING 

HARDWARE 

TO-66 
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MOUNTING HARDWARE TO-66 


0.500± 0.031 


NO. 6 SHEET METAL SCREW 
B51564F003 



XP PHENOLIC 
VACUUM WAX 
IMPREGNATED 


5/32 IN- 
MAX 


L 


.049 


.043 



(2 HOLES) 


0.005 MICA INSULATOR 
B52600F008 


0.003 MICA INSULATOR 
B52600F009 


-BRASS 

CADMIUM PLATED 
.030 THK 


.112 DIA 
(2 HOLES FOR 
#4-40 SCREW) 


TRANSISTOR SOCKET 
B54837C001 


,_1 


-.143 ±.003 
DIA 


1 


.177 ±.003 
DIA 



NYLON INSULATING BUSHING 
B51547F002 



BACK TEMPLATE 
B54879C002 


FRONT TEMPLATE 
B54879C001 



_ 4-40 HEX HEAD SCREW 
B09489A030 



* COMPRESSION WASHER 

B52200F006 


^ u rP 


"SEMICONDUCTOR" 
TO-1 26 
(CASE 77) 



HEAT SINK OR CHASSIS 



ROUND MICA INSULATOR 
B52600F003 



4-40 HEX NUT 
B09490A005 


TORQUE REQUIREMENTS 
0.68N-m (6IN-LBS.) MAX. 


u u u 




MILLIMETERS 
DIM MIN [MAX 
A 10.80 11,05 

B 7.49 7.75 

C 2.41 2.67 

D 0.51 0.66 

F 2,92 3.18 

G 2.31 2.46 

H 1.27 2.41 

J 0.38 0.64 

K 15.11 16.64 

M 3° TYP 

Q 3.76 4,01 

R 1.14 1.40 

S 0.64 0.89 

U 3.68 3.94 

V 1.02 - 


CASE 77-04 
TO-126 
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MOUNTING HARDWARE TO-126 


(DIMENSIONS - 



MILLIMETERS 

INCH 



STEEL COMPRESSION WASHER 
B52200F006 


4-40 HEX NUT 
CARBON STEEL, 
CADMIUM PLATED 
B09490A005 




4-40 HEX HEAD SCREW 
CARBON STEEL, 
CADMIUM PLATED 
B09489A003 


ROUND MICA INSULATOR 
B52600F003 


MOUNTING 

HARDWARE 
TO-127, CASE 90 


Part numbers in this 
column for 


Part numbers in this ' 
column for 


INSULATED *HIGH VOLTAGE 

MOUNTING INSULATED MOUNTING 




HEAT SINK OR CHASSIS 



4-40 

COMPRESSION WASHER 
B52200F006 



6-32 HEX HEAD NUT 
B09490A006 



4-40 HEX NUT 
B09490A005 


TORQUE REQUIREMENTS 
Insulated 0.68 N-m {8 IN. LBS.) MAX 
High Voltage Insulated 0.90 N-m (6 IN. LBS.) MAX 




VL 

— r C 


1 j 



na 


■Ml 

EZ33I 

m 

1SB1 



EBH 

DU 

KEEQI 


ebei 

H| 


KKE3 


msEM 

mm\ 


■uuni 




H qh 



■iWkiili 

Itjjfctijfcl 



HbUii 


53 



■null 

EMM 


IflEIlcl 


■ihmm 

filiEElH 

H 




B 

o 


■0QD3HH 

'MM 

KBSB 

EESI 


hem 

n 

mm 

IBM 

eehi 

lililiM 

mm 

umm 


EEEa 



CASE 90 
(TO-127) 


High voltage mounting requirements depend on use environment. User is encouraged 
to make his own evaluation. 


8-12 




MOUNTING HARDWARE TO-127, CASE 90 


OUTLINE DIMENSIONS 

MILLIMETER 

DIMENSIONS — mru 




STEEL COMPRESSION 
WASHER 
B52200F004 


STEEL COMPRESSION 
WASHER 
B52200F006 


NYLON INSULATING BUSHING 
B51547F011 



HEX NUT 

CARBON STEEL. 
CADMIUM PLATED 


0 . 002 - 
J 0.003 


ROUND MICA INSULATOR 

(See table below.) 


7 



RECTANGULAR MICA INSULATOR 

(See table below.) 


HEX HEAD SCREW 

CARBON STEEL. 
CADMIUM PLATED 


DIMENSIONS -MILLIMETER (INCH) 

ROUND MICA INSULATOR RECTANGULAR MICA INSULATOR 


PART NO. 

DIM E 

B52600F013 

3.56-3.81 (0.140-0.150) 

B52600F015 

2.87-2.97 (0.113-0.117) 


PART NO. 

DIM G 

B05608A001 

3.68-3.94 (0.145-0.155) 

B05608A002 

2.87-3.00 (0.113-0.118) 


HEX NUT 


TYPE 

PART NO. 

DIMA 

DIM B 

DIM C 

DIM D 

4-40 

B09490A005 

6.12-6.35 (0.241-0.250) 

6.98-7.34 (0.275-0.289) 

2.21-2.49 (0.087-0.098) 

2.84 NOM (0.112 NOM) 

6-32 

B 09490 A 006 

7.67-7.92 (0.302-0.312) 

8.74-9.17 (0.344-0.361) 

2.59-2.90 (0.102-0.114) 

3.50 NOM (0.138 NOM) 


HEX HEAD SCREW 


TYPE 

PART NO. 

DIM M 

DIM N 

DIM P 

DIM Q 

dim n 

4.40 

B09489A030 

2.84-40(0.112-40) 

11.94-12.70 (0.470-0.500) 

1.24-1.52 (0.049-0.060) 

5.13 MIN (0.202 MIN) 

4.60-4.75 (0.181-0.187) 

6.32 

B09484A032 

3.5-32 (0.138-32) 

11.94-12.70 (0.470-0.500) 

2.03-2.36 (0.080-0.093) 

6.91 MIN (0.272 MIN) 

6.20-6.35 (0.244-0.250) 
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MOUNTING 

HARDWARE 

T0-220AB 


PREFERRED ARRANGEMENT 
for Isolated or Non-isolated 
Mounting. Screw is at Semi- 
conductor Case Potential 
6-32 Hardware is Used. 

Choose from Parts Listed 
Below. 


m-ri 


6-32 HEX HEAD SCREW 
B09489A035 


ALTERNATE ARRANGEMENT 
for Isolated Mounting 
when Screw must be at 
Heat-Sink Potential. 

4-40 Hardware is Used. 

Use Parts Listed Below. 


4-40 HEX HEAD SCREW 
B09489A034 


(1) RECTANGULAR STEEL 
WASHER 
B09002A001 


SEMICONDUCTOR s 
(CASE 221, 221A) 


c Lnr 

i 

» 

i 


, NYLON INSULATING BUSHING 
B51547F015 


SEMICONDUCTOR 

(CASE 221, 221 A) 

/ 


c 


(2) RECTANGULAR MICA 
INSULATOR ^ 
B08853A001 


c 


HEATSINK 

\ 


(2) NYLON BUSHING 
B51547F005 


(3) FLAT WASHER 
B51567F036 


rrn, 


(4) COMPRESSION or 
LOCK WASHER V 
B62200F004 


6-32 HEX NUT 
B09490A006 



RECTANGULAR 
MICA INSULATOR 
B08853A001 


COMPRESSION WASHER 

B52200F005 


4-40 HEX NUT 
B09490A005 


(1) Used with thin chassis and/or large hole. 

(2) Used when isolation is required. 

(3) Required when nylon bushing and lock washer are used. 

(4) Compression washer preferred whan plastic insulating 
material is used. 

TORQUE REQUIREMENTS 
Insulated 0.68 N-M (6 in-lbs) max 
Noninsulated 0.9 N-M (8 in-lbs) max . 





INCHES 


MAX 

MIN 

MAX 

A 


|$jl 

0.560 

0.625 

B 

mm 

10.66 

0.380 

0.420 

m 


Tn 

0.140 

0.190 

mm 

iH 

1.14 

0.020 

0.045 

F 

KM1 

3.733 

0.139 

0.147 

G 

MEM 

mm 

0.090 

0.110 

urn 


6.35 

- 

0.250 

i 

mm 

1.14 

0.012 

0.045 

K 

ran 

14.27 

0.500 

0.562 

L 

nm 

1.77 

0 045 

0 070 

N 

4.83 

5.33 

0.190 

0.210 

Q 

mu 

3.04 

0.100 

0.120 

R 

mu 


0.080 

0.115 

mm 

0.51 

1.39 

0.020 

0 055 

T 



0.230 

0.270 


Vlf 

— s 

— c 

IM 

A 

T 

T 

■N * 

K 

1 

Iff 

1 SECT A-A 

1 

-J 

— R 

— 

lUj 

i r 

"’1 1 


CASE 221-02 
TO 220 AB 

All JEDEC dimensions and n 




ru 


r, 


-1 


L-j 


B 

EKELMiH 


B.MI.B 


M'll'l 

r m| 

H 




iTrIi» 

in 

mm 

PEI 

■ijt‘.|iM 

ma 

n 

di 


liM'fll 

3EE1 

in 

■'in 


nrppi 

HlEEBI 

mm 

lyrri 

■<»ll 

liHH 

ilFU 




EUlBM 

ma 



BUtM 

■iHIiB 

mm\ 

n 

BE1 


iililEi 

Ea 


■ r41il 


beii 


n 

■III 



■UMiM 

n 


mm 


■flTil 

n 


mm 

iillilii 

iTFTIil 


mUZM 


■ 1 1 1 1 - i i ■ 

mm 

n 

■if 



iliHSB 

n 

■ill 

m 

■■mil 

mzw 

n 

Em 

■TI71 

IffiEIil 

ahem 


pg 


Egg 

mem 



CASE 221A-02 
TO-220AB 
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MOUNTING HARDWARE TO-220AB 


(DIMENSION - 


MILLIMETER 

INCH 


MICA INSULATOR 
B08853A001 



STEEL COMPRESSION 
WASHER 
B52200F004 



HEX HEAD SCREW 
CARBON STEEL 
CADMIUM-PLATED 
(See table below.) 



HEX NUT 

CARBON STEEL 
CADMIUM-PLATED 
(See table below.) 



RECTANGULAR NYLON 

STEEL WASHER INSULATING BUSHING 

B09002A001 (See table below.) 




DIMENSIONS - MILLIMETER (INCH) 


NYLON BUSHING 


PART NO. 

DIM A 

DIM B 

DIM C 

DIM D 

DIM E 

B51547F005 

9.40-9.65 

(0.370-0.380) 

3.84-4.09 

(0.151-0.161) 

2.16-2.41 

(0.085-0.095 

6.10-6.35 

(0.240-0.250) 

1.02-1.27 

(0.040-0.050) 

B51547F015 

5.59-6.10 

(0.220-0.240) 

3.05-3.15 

(0.120-0.124) 

1.57-1.68 

(0.062-0.066) 

3.56-3.66 

(0.140-0.144) 

0.51-0.64 

(0.020.0.025) 


HEX NUT 


TYPE 

PART NO. 

DIM G 

DIM H 

DIM J 

DIM K 

4-40 

B09490A 005 

6.12-6 35 (0.241-0.250) 

6.98-7.34 (0.275-0 289) 

2.21-2.49 (0.087-0.098) 

2.84 NOM (0 1 12 NOM) 

6-32 

B09490A006 

7 67-7.92 (0 302-0 312) 

8 74-9.17 (0 344-0.361) 

2.59-2.90(0.102 0.114) 

3 50 NOM (0.138 NOM) 


HEX HEAD SCREW 


TYPE 

PART NO. 

DIM M 

DIM N 

DIM P 

DIM Q 

DIM R 

4-40 

B09489A034 

0.112-40 

1.57 (0.62) 

1,24-1.52 (0.049-0.060) 

5.13 MIN (0.202 MIN) 

4.60 4.75 (0 181-0 187) 

6-32 

B09489A035 

0.138-32 

1.57 (0.62) 

2 03-2.36 (0.080-0.093) 

6.91 MIN (0.272 MIN) 

6.20-6.35 (0 244-0.250) 
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MOUNTING TECHNIQUES FOR 
POWER SEMICONDUCTORS 


INTRODUCTION 

Current and power ratings of semiconductors are 
inseparably linked to their thermal environment. Except 
for lead-mounted parts used at low currents, a heat 
exchanger is required to prevent the junction temperature 
from exceeding its rated limit, thereby running the risk 
of a high failure rate. Furthermore, semiconductor- 
industry field history indicates that the failure rate of 
most silicon semiconductors decreases approximately 
by one half for a decrease in junction temperature from 
160°C to 135°C.* 

Many failures of power semiconductors can be traced 
to faulty mounting procedures. With metal packaged 
devices, faulty mounting generally causes unnecessarily 
high junction temperature, resulting in reduced com- 
ponent lifetime, although mechanical damage has 
occurred on occasion from mounting'securely to a warped 
surface. With the widespread use of various plastic- 
packaged semiconductors, the dimension of mechanical 
damage becomes very significant. 

Figure 1 shows an example of doing nearly everything 
wrong. In this instance, the device to be victimized is 
in the TO-220 package. The leads are bent to fit into 
a socket— an operation which, if not properly done, can 
crack the package, break the bonding wires, or crack the 
die; The package is fastened with a sheet-metal screw 
through a l/4”-hole containing a fiber-insulating sleeve. 
The force used to tighten the screw pulls the package 
into the hole, causing enough distortion to crack the die. 
Even if the die were not cracked, the contact area is small 
because of the area consumed by the large hole and the 
bowing of the package; the result is a much higher 
junction temperature than expected. If a rough heat sink 
surface and some burrs around the hole are present, 
many-but unfortunately not all-poor mounting practices 
are covered. 



FIGURE 1 — Extreme Case of Improperly Mounting 
A Semiconductor (Distortion Exaggerated) 


*See MIL-Handbook-217B, Section 2.2 


In many situations the case of the semiconductor must 
be isolated electrically from its mounting surface. The 
isolation material is, to some extent, a thermal isolator 
as well, which raises junction operating temperatures. In 
addition, the possibility of arc-over problems is intro- 
duced if high voltages are being handled. Electrical 
isolation thus places additional demands upon the 
mounting procedure. 

Proper mounting procedures necessitate attention 
to the following areas: 

1 . Mounting surface preparation, 

2. Application of thermal compounds, 

3. Installation of the insulator, 

4. Fastening of the assembly, and 

5. Lead bending and soldering. 

In this note, the procedures are discussed in general 
terms. Specific details for each class of packages are 
given in the figures and in Table 1 . Appendix A contains 
a brief review of thermal resistance concepts, and 
Appendix B lists sources of supply for accessories. 
Motorola supplies hardware for all power packages. It is 
detailed on separate data sheets for each package type. 


MOUNTING SURFACE PREPARATION 

In general, the heat-sink mounting surface should have 
a flatness and finish comparable to that of the semi- 
conductor package. In lower power applications, the 
heat-sink surface is satisfactory if it appears flat against 
a straight edge and is free from deep scratches. In high- 
power applications, a more detailed examination of the 
surface is required. 

Surface Flatness 

Surface flatness is determined by comparing the 
variance in height (Ah) of the test specimen to that of 
a reference standard as indicated in Figure 2. Flatness is 
normally specified as a fraction of the Total Indicator 
Reading (TIR). The mounting surface flatness, i.e., 
Ah/TIR, is satisfactory in most cases if less than 4 mils per 
inch, which is normal for extruded aluminum -although 
disc type devices usually require 1 mil per inch. 

Surface Finish 

Surface finish is the average of the deviations both 
above and below the mean value of surface height. For 
minimum interface resistance, a finish in the range of 50 
to 60 microinches is satisfactory;* a finer finish is costly 
to achieve and does not significantly lower contact 
resistance. Most commercially available cast or extruded 

♦Tests run by Thermalloy (Catalog #74-INS-3, page 14) 
using a copper TO-3 package with a typical 32-microinch 
finish, showed that finishes between 16 and 64 /z-in 
caused less than ±2.5% difference in interface thermal 
resistance. 
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FIGURE 2 — Surface Flatness 


heat sinks will require spotfacing when used in high- 
power applications. In general, milled or machined 
surfaces are satisfactory if prepared with tools in good 
working condition. 

Mounting holes generally should only be large enough 
to allow clearance of the fastener. The larger packages 
having mounting holes removed from the semiconductor 
die location, such as a TO-3, may successfully be used 
with larger holes to accommodate an insulating bushing, 
but Thetmopad plastic packages are intolerant of this 
condition. For these packages, a smaller screw size must 
be used such that the hole for the bushing does not 
exceed the hole in the package.. 

Punched mounting holes have been a source of trouble 
because if not properly done, the area around a punched 
hole is depressed in the process. This “crater” in the heat 
sink around the mounting hole can cause two problems. 
The device can be damaged by distortion of the package 
as the mounting pressure attempts to conform it to the 
shape of the heat-sink indentation, or the device may only 
bridge the crater and leave a significant percentage of 
its heat-dissipating surface out of contact with the heat 
sink. The first effect may often be detected immediately 
by visual cracks in the package (if plastic), but usually 
an unnatural stress is imposed, which results in an early- 
life failure. The second effect results in hotter operation 
and is not manifested until much later. 

Although punched holes are seldom acceptable in the 
relatively thick material used for extruded aluminum heat 
sinks, several manufacturers are capable of properly 
utilizing the capabilities inherent in both fine-edge 
blanking or sheared-through holes when applied to sheet 
metal as commonly used for stamped heat sinks. The 
holes are pierced using Class A progressive dies mounted 
on four -post die sets equipped with proper pressure pads 
and holding fixtures. 

When mounting holes are drilled, a general practice 
with extruded aluminum, surface cleanup is important. 
Chamfers must be avoided because they reduce heat 
transfer surface and increase mounting stress. The edges 
should be broken to remove burrs which cause poor 
contact between device and heat sink and may puncture 
isolation material. 

Many aluminum heat sinks are black-anodized to 
improve radiation ability and prevent corrosion. 
Anodizing results ih significant electrical but negligible 
thermal insulation. It need only be removed from the 
mounting area when electrical contact is required. 


Another treated aluminum finish is iridite, or chromate- 
acid dip, which offers low resistance because of its thin 
surface, yet has good electrical properties because it 
resists oxidation. It need only be cleaned of the oils and 
films that collect in the manufacture and storage of the 
sinks, a practice which should be applied to all heat sinks. 
For economy, paint is sometimes used for sinks; removal 
of the paint where the semiconductor is attached is 
usually required because of paint’s high thermal resistance. 
However, when it is necessary to insulate the semi- 
conductor package from . the heat sink, anodized or 
painted surfaces may be more effective than other 
insulating materials which tend to creep (i.e., they flow), 
thereby reducing contact pressure. 

It is also necessary that the surface be free from all 
foreign material, film, and oxide (freshly bared aluminum 
forms an oxide layer in a few seconds). Unless used 
immediately after machining, it is a good practice to 
polish the mounting area with No. 000 steel wool, 
followed by an acetone or alcohol rinse. Thermal grease 
should be immediately applied thereafter and the semi- 
conductor attached as the grease readily collects dust 
and metal particles. 


THERMAL COMPOUNDS 

To improve contacts, thermal joint compounds or 
greases are used to fill air voids between all mating surfaces. 
Values of thermal resistivity vary from 0.10 degrees 
Celsius-inches per watt for copper film to 1200°C-in/W 
for air, whereas satisfactory joint compounds will have 
a resistivity of approximately 60°C-in/W. Therefore, the 
voids, scratches, and imperfections which are filled with 
a joint compound, will have a thermal resistance of about 
1 /20th of the original value which makes a significant 
reduction in the overall interface thermal resistance. 

Joint compounds are a formulation of fine zinc particles 
in a silicon oil which maintains a grease-like consistency 
with time and temperature. Since some of these com- 
pounds do not spread well, they should be evenly applied 
in a very thin layer using a spatula or lintless brush, and 
wiped lightly to remove excess material. Some cyclic 
rotation of the package will help the compound spread 
evenly over the entire contact area. >Experience will 
indicate whether the quantity is sufficient, as excess will 
appear around the edges of the contact area. To prevent 
accumulation of airborne particulate matter, excess 
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compound should be wiped away using a cloth moistened 
with acetone or alcohol. These solvents should not contact 
plastic -encapsulated devices, as they may enter the 
package and cause a leakage path or carry in substances 
which might attack the assembly. 

Data showing the effect of compounds on several 
package types under different mounting conditions is 
shown in Table I. The rougher the surface, the more 
valuable the grease becomes in lowering contact resis- 
tance; therefore, when mica insulating washers are used, 
use of grease is generally mandatory. The joint compound 
also improves the breakdown rating of the insulator and 


is therefore highly desirable despite the handling problems 
created by its affinity for foreign matter. Some sources 
of supply for joint compounds are shown in Appendix B. 

Some users and heat-sink manufacturers prefer not 
to use compounds. This necessitates use of a heat sink 
with lower thermal resistance which imposes additional 
cost, but which may be inconsequential when low power 
is being handled. Others design on the basis of not using 
grease, but apply it as an added safety factor, so that 
if improperly applied, operating temperatures will not 
exceed the design values. 


TABLE 1 

Approximate Values for Interface Thermal Resistance and Other Package Data 

(See Table II for Case Number to JEDEC Outline Cross-Reference) 


Dry interface values are subject to wide variation because of extreme dependence upon surface conditions. Unless otherwise noted the 
case temperature is monitored by a thermocouple located directly under the die reached through a hole in the heat sink. (See Note 4.) 


1 Package Type and Data j 

Interface Thermal Resistance (°C/W) j 

JEDEC 

Outline 

Description 

Recommended 
Mounting Hole 
and Drill Size 

Machine 
Screw Size 2 

Torque 

In-Lb 

Metal -to-Metal 

With Insulator 

See 

Note 

Dry 

Lubed 

Dry 

Lubed 

Type 

Case 152* 

Uniwatt 

0.1 13, #33 

4-40 

6 

5.0 

3.8 

7.4 

5.4 

2 mil 
Mica 

3 

DO-4 

10-32 Stud 
7/16” Hex 

•0.188, #12 

10-32 

20 

0.3 

0.2 

1.6 

0.8 

3 mil 
Mica 


DO-5 

1/4-28 Stud 
11/16” Hex 

0.250, #1 

1/4-28 

25 

0.2 

0.1 

0.8 

0.6 

5 mil 
Mica 


DO-21 

Pressfit, 1/2” 

See Figure 8 

- 

- 

0.15 

0.10 

- 

- 

- 


TO-3 

Diamond Flange 

0.140, #28 

6-32 

6 

0.5 

0.1 

1.3 

0.36 

3 mil 
Mica 

1 

TO -66 

Diamond Flange 

0. 140, #28 

6-32 

6 

1.5 

0.5 

2.3 

0.9 

2 mil 
Mica 


TG-83 

TO-94 

1/2” 20 Stud 
M/16” Hex 

0.5, 0.5 

1/2-20 

130 

- 

0.1 

~ 

- 

~ 


TO-126 

Thermopad 

1/4” >: 3/8” 

0.1 13, #33 

4-40 

6 

X 2.0 

1.3 

4.3 

3.3 

2 mil 
Mica 


TO-127 

Thermopad 

1/2” x 5/8" 

0.140, #28 

6-32 

8 

1.6 

0.8 

2.6 

1.8 

2 mil 
Mica 


TO 202AC 

Ouowatt 

0.140, #28 

6-32 

8 

1.3 

0.9 

4.8 

2.0 

2 mil 
Mica 

3 

TO-220AB 

Thermowatt 

0.140, #28 

6 32 

8 

1.2 

1.0 

3.4 

1.6 

2 mil 
Mica 

1, 2 


"Motorola Case Number 

NOTE 1. See Figures 3 and 4 for additional data on TO-3 and 
TO-220 packages. 

NOTE 2. Screw not insulated. 

NOTE 3. Case thermocouple soldered to top of tab. 

NOTE 4. Measurement of Interface Thermal Resistance. Measuring 
the interface thermal resistance Rtfcs appears deceptively simple. 
All that's apparently needed is a thermocouple on the semi, a 
thermocouple on the heat sink, and a means of applying and 
measuring DC power. However, R$cs ‘ s P r 0 P° r ti°nal to the 
amount of contact area between the surfaces and consequently is 
affected by surface flatness and finish and the amount of pressure 
on the surfaces. In. addition, placement of the thermocouples can 
have a significant influence upon the results. Consequently, 
values for interface thermal resistance presented by different 
manufacturers are in poor agreement. 

Consider the TO-220 package shown in the accompanying 
figure. The mounting pressure at one end causes the other end— 
where the die is located— to lift off the mounting surface slightly. 
To improve contact. Motorola TQ-220 packages are slightly 
concave and use of a spreader bar under the screw lessens the 
lifting, but some is inevitable with a single-ended package. 


The thermocouple locations are shown: 

a. The Motorola location is directly under the die reached 
through a hole in the heat sink. The thermocouple is held in place 
by a spring which forces the thermocouple into intimate contact 
with the bottom of the semi's case. 

b. The EIA location is close to the die on the top surface of 
the package base reached through a blind hole drilled through the 
molded body. The thermocouple is swaged in place. 

c. The Thermalloy location is on the top portion of the tab 
between the molded body and the mounting screw. The thermo- 
couple is soldered into position. 

Temperatures at the three locations are generally not the same. 
Consider the situation depicted in the figure. Because the only 
area of direct contact is around the mounting screw, nearly all 
the heat travels horizontally along the tab from the die to the 
contact area. Consequently, the temperature at the EIA location is 
hotter than at the Thermailoy location and the Motorola location 
is even hotter. Since junction-to-sink thermal resistance is constant 
for a given setup, junction-to-case values decrease and case-to-sink 
values increase as the case thermocouple readings become warmer. 

There are examples where the relationship between the thermo- 
couple temperatures are different from the previous situation. If 
a mica washer with grease is installed between the semi package 
and the heat sink, tightening the screw will not bow the package; 
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Table 1, Note 5 (continued) 


instead, the mica will be deformed. The primary heat conduction 
path is from the die through the mica to the heat sink. In this case, 
a small temperature drop will exist across the vertical dimension 
of the package mounting base so that the thermocouple at the EIA 
location will be the hottest. The thermocouple temperature at the 
Thermalloy location could bo close to the temperature at the E I A 
location as the lateral heat flow is generally small. 

The EIA location is chosen to obtain the highest temperature 
on the case. It is of significance because power ratings ore 
supposed to be based on this reference point. Unfortunately, the 
placement of the thermocouple is tedious and leaves the semi- 
conductor in a condition unfit for sale. 

The Motorola location is chosen to obtain the highest tempera- 
ture of the case at a point where, hopefully, the semi is making 
contact to the heat sink, since heat sinks are measured from the 
point of semi contact to the ambient. Once the special heat sink 
to accommodate the thermocouple has been fabricated, this 
method lends itself to production testing and does not mark the 
device. However, this location is not easily accessible to the user. 

The Thermalloy location is convenient and is often chosen by 
equipment manufacturers. However, it also blemishes the case 
and may yield results differing up to 1 °C/W for a TO-220 package 
mounted to a heat sink without thermal grease and no insulator. 
This error is small when compared to the heat dissipators often 
used with this package, since power dissipation is usually a few 
watts. When compared to the specified junction-to-case values of 
some of the higher power semiconductors becoming available, 
however, the difference becomes significant, and it is important 
that the semiconductor manufacturer and equipment manu- 
facturer use the same reference point. 

Another method of establishing reference temperatures utilizes 
a soft copper washer (thermal grease is used) between the semi- 
conductor package and tho hoot sink. The washer is flat to within 
1 mil/inch, has a finish bettor than 63 /u-inch, and has an imbedded 
thermocouple near its centor. This reference includes the interface 
resistance under nearly ideal conditions and is therefore application- 
oriented. It is also easy to use and yields reproducible results. At 
this printing, however, sufficient data to compare results to other 
methods is not available. 

The only way to get accurate measurements of the interface 
resistance is to also test for junction-to-case thermal resistance at 
the same time. If the junction-to-case values remain relatively 
constant as insulators are changed, torque varied, etc., then the 
case reference point is satisfactory. 


JEDEC TO-220 Package mounted to heat sink showing various 
thermocouple locations and lifting caused by pressure at one end. 


E.I.A. 



TABLE 2 

Cross Reference Chart 

Motorola Case Number to JEDEC 
Outline Number and Table 1 Reference 


Motorola 

Number 

JEDEC 

Number 

Reference in 

Table 1 

1 

TO-3 

TO-3 

3 

TO-3 2 

TO-3 

9 

TO-61 

DO-5 

1 1 

TO-3 

TO-3 

1 1 A 

TO-3 2 

TO-3 

12 

TO-3 2 

TO-3 

36 

TO 60 

DO-4 

42A 

DO-5 

DO-5 

44 

DO-4 

DO-4 

54 

TO-3 2 

TO-3 

56 

DO-4 

DO 4 

58 

DO-5 2 

DO-5 

77 

TO-126 

TO-126 

80 

TO-66 

TO-66 

86 

TO-208 1 

DO-4 

86 L 

TO-298 1 

DO-4 

90 

TO-127 

TO-127 

145C 

TO-232 1 

DO-4 

152 

TO-202 1 

Case 152 

160-03 

TO-59 

DO-4 

167 

DO-203 1 -1.25” hex 

DO-4 

157 

DO-203 1 

DO-5 

197 

TO-3 2 

TO-3 

199 

TO-225 1 

TO-127 

219 

TO-94 

TO-83 

221 

TO-220AB ' 

TO-220AB 

221 A 

TO-220AB 

TO-220AB 

235 

TO-208 1 

DO-5 

238 

TO-208 1 

DO-5 

239 

TO-208 

- 

245 

DO-4 

DO-4 

246 

TO-83 

TO-83 

257-01 

DO-5 

DO-5 

263 

TO-208 1 

DO-5 

283 

DO-4 

DO-4 

285 

TO-209 1 

TO-83 

288 

TO-208 1 

TO-83 

289 

TO-209 1 

DO-5 

291 

TO-94 

TO-83 

306 

TO-202AC 

TO-202AC 


NOTE 1. Would fit within this family outline if registered with 
JEDEC. 

NOTE 2. Not within all JEDEC outline dimensions. The data in 
Table 1 and suggested mounting hardware and pro- 
cedures generally apply. 

INSULATION CONSIDERATIONS 

Since it is most expedient to manufacture power 
semiconductors with collectors or anodes electrically 
common to the case, the problem of isolating this 
terminal from ground is a common one. For lowest overall 
thermal resistance, it is best to isolate the entire heat sink/ 
semiconductor structure from ground, rather than to use 
an insulator between the semiconductor and the heat 
sink. Where heat sink isolation is not possible, because 
of safety reasons or in instances where a chassis serves 
as a heat sink or where a heat sink is common to several 
devices, insulators are used to isolate the individual 
components from the heat sink. 
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When an insulator is used, thermal grease assumes 
greater importance than with a metal-to-metal contact, 
because two interfaces exist instead of one and some 
materials, such as mica, have a markedly uneven surface. 
Reduction of interface thermal resistance of between 
2 to 1 and 3 to 1 are typical when grease is used. 

Data obtained by Thermalloy, showing interface 
resistance for different insulators and torque applied 
to TO-3 and TO-220 packages, are shown in Figure 3 
for bare surfaces and Figure 4 for greased surfaces. It is 
obvious that with some arrangements, the interface 
thermal resistance exceeds that of the semiconductor 
(junction to case). When high power is handled, beryllium 
oxide is unquestionably the best choice. Thermafilm is 
Thermalloy’s tradename for a polyimide material which is 
also commonly known as Kapton*; this material is fairly 
popular for low power applications because it is low cost, 
withstands high temperatures and is easily handled, in 
contrast to mica which chips and flakes easily. 


When using insulators, care must be taken to keep 
the mating surfaces clean. Small particles of foreign 
matter can puncture the insulation, rendering it useless 
or seriously lowering its dielectric strength. In addition, 
particularly when voltages higher than 300 V are 
encountered, problems with creepage may occur. Dust 
and other foreign material can shorten creepage distances 
significantly so that having a clean assembly area is 
important. Surface roughness and humidity also lower 
insulation resistance. Use of thermal grease usually raises 
the breakdown voltage of the insulation system. Because 
of these factors, which are not amenable to analysis, 
hi-pot testing should be done on prototypes and a large 
margin of safety employed. In some situations, it may be 
necessary to substitute “empty” packages for the semi- 
conductors to avoid shorting them or to prevent the 
semiconductors from limiting the voltage applied during 
the hi-pot test. 



MOUNTING SCREW TORQUE (IN-LBS) 


(a) TO-3 





MOUNTING SCREWTORQUE (IN-LBS) 


(b) TO-220AB 
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FIGURE 3 — Interface Thermal Resistance 
Without Thermal Grease as a Function of 
Mounting Screw Torque Using Various Insulating Materials 

*® DuPont 


FIGURE 4 — Interface Thermal Resistance 
Using Thermal Grease as a Function of 
Mounting Screw Torque Using Various Insulating Materials 
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FASTENER AND HARDWARE CHARACTERISTICS 

Characteristics of fasteners, associated hardware, and 
the tools to secure them determine their suitability for 
use in mounting the various packages. Since many 
problems have arisen because of improper choices, the 
basic characteristics of several types of hardware are 
discussed next. 

Compression Washers 

A very useful piece of hardware is the bell-type com- 
pression washer. As shown in Figure 5, it has the ability 
to maintain a fairly constant pressure over a wide range 
of physical deflection-generally 20% to 80%-thereby 
maintaining an optimum force on the package. When 
installing, the assembler applies torque until the washer 
depresses to half its original height. (Tests should be run 
prior to setting up the assembly line to determine the 
proper torque for the fastener used to achieve 50% 
deflection.) The washer will absorb any cyclic expansion 
of the package or insulating washer caused by 
temperature changes. Bell type washers are the key to 
successful mounting of devices requiring strict control of 
the mounting force or when plastic hardware is used in 
the mounting scheme. 

Motorola washers designed for use with the Thermopad 
package maintain the proper force when properly secured. 
They are used with the large face contacting the packages. 



0 20 40 60 80 100 


DEFLECTION OF WASHER DURING MOUNTING (%) 
FIGURE 5 — Characteristics of the Bell Compression 
Washers Designed for Use with Thermopad Semiconductors 

Machine Screws 

Machine screws and nuts form a trouble-free fastener 
system for all types of packages which have mounting 
holes. Torque ratings apply when dry; therefore, care 
must be exercised when using thermal grease to prevent it 
from getting on the threads as inconsistent torque 
readings result. Machine screw heads should not directly 
contact the surface of any of the Thermopad plastic 
package types as the screw heads are not sufficiently flat 
to provide properly distributed force. 

Self-Tapping Screws 

Under some conditions, sheet-metal screws are 
acceptable. However, during the tapping process with a 
standard screw, a volcano-like protrusion will develop in 
the metal being threaded; a very unsatisfactory surface 


results. When used, a speed-nut must be used to secure 
a standard screw, or the type of screw must be used 
which roll-forms machine screw threads. 

Eyelets 

Successful mounting can also be accomplished with 
hollow eyelets provided an adjustable, regulated pressure 
press is used such that a gradually increasing pressure is 
used to pan the eyelet. Use of sharp blows could damage 
the semiconductor die. 

Rivets 

When a metal flange-mount package is being mounted 
directly to a heat sink, rivets can be used. Rivets are not 
a recommended fastener for any of the plastic packages 
except for the tab-mount type. Aluminum rivets are 
preferred over steel because less pressure is required to 
set the rivet and thermal conductivity is improved. 

Insulators and Plastic Hardware 

Because of its relatively low cost and low thermal 
resistance, mica is still widely used to insulate semi- 
conductor packages from heat sinks despite its tendency 
to chip and flake. It has a further advantage in that it 
does not creep or flow so that the mounting pressure 
will not reduce with time in use. Plastic materials, parti- 
cularly Teflon*, will flow. When plastic materials form 
parts of the fastening system, a compression washer is 
a valuable addition which assures that the assembly will 
not loosen with time. 


FASTENING TECHNIQUES 

Each of the various types of packages in use requires 
different fastening techniques. Details pertaining to each 
type are discussed in following sections. Some general 
considerations follow. 

To prevent galvanic action from occurring when devices 
are used on aluminum heat sinks in a corrosive 
atmosphere, many devices are nickel- or gold-plated. 
Consequently, precautions must be taken not to mar 
the finish. 

Manufacturers which provide heat sinks for general use 
and other associated hardware are listed in Appendix B. 
Manufacturer’s catalogs should be consulted to obtain 
more detailed information. Motorola also has mounting 
hardware available for a number of different packages. 
Consult the Hardware Data Sheet for dimensions of 
the components and part numbers. 

Specific fastening techniques are discussed in the 
remainder of this note for the following categories of 
semiconductor package. 

1. Stud mount: DO-4, DO-5, DO-9, DO-30, TO-59, 
TO-60/63, TO-83, TO-93/94, etc. 

2. Flange mount: DO-43, DO-44, TO-3, TO-37, 
TO-41 , TO-53, TO-66, etc. 

3. Pressfit: DO-21 , DO-24, TO-203 

4. Disc: DO-200 and TO-200 Families 

5. Thermopad®: TO-126/7 

6. Thermowatt®: TO-220 Family 

7. Tab Mount (Duowatt® and Uniwatt®): TO-202 
Family 

8. RF Stripline: TO-1 19/121, TO-128/9, TO-216 

* Trademark E. I. DuPont 
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Stud Mount 

Mounting errors with stud-mounted parts are generally 
confined to application of excessive torque or tapping the 
stud into a threaded heat-sink hole. Both these practices 
may cause a warpage of the hex base which may crack 
the semiconductor die. The best fastening method is to 
use a nut and washer; the details are shown in Figure 6. 



FIGURE 6 — Mounting Details 
For Stud-Mounted Semiconductors 


Flange Mount 

Few known mounting difficulties exist with this type 
of package. The rugged base and distance between die 
and mounting holes combine to make it extremely 
difficult to cause any warpage unless mounted on a 
surface which is badly bowed or unless one side is 
tightened excessively before the other screw is started. 
A typical mounting installation is shown in Figure 7. 
Machine screws, self-tapping screws, eyelets, or rivets 
may be used to secure the package. 



Semiconductors (TO-3 Shown). 

When not using's socket, machine screws tightened to 
their torque limits will produce lowest thermal resistance. 

Press Fit 

For most applications, the press-fit case should be 
mounted according to the instructions shown in Figure 8. 
A special fixture meeting the necessary requirements 
is a must. 

Disc 

Disc type devices also require special handling. The 
details are shown in Figure 9. 
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A 


Shoulder Ring 

.501 

J505 Dia 


i dJbJ 


I, 

J{ / 

Hear amn 1 

K~ 0.0499 ±0.001 Dia. 



Intimate 
Contact Area 


Additional 
Heat Sink Plate 


Complete 'Thin Chassis 

Knurl Contact 
Area 


The hole edge must be chamfered as shown to prevent shearing 
off the knurled edge of the case during press-in. The pressing force 
should be applied evenly on the shoulder ring to avoid tilting 
or canting of the case in the hole during the pressing operation. 
Also, the use of a thermal joint compound will be of considerable 
aid. The pressing force will vary from 250 to 1000 pounds, 
depending upon the heat-sink material. Recommended hardnesses 
are: copoer— less than 50 on the Rockwell F scale; aluminum— less 
than 65 on the Brinel! scale. A heat sink as thin as 1/8" may be 
used, but the interface thermal resistance will increase in direct 
proportion to the contact area. A thin chassis requires the addition 
of a backup plate. 


Thin-Chassis Mounting 


FIGURE 8 — Mounting Details for Press-Fit Semiconductors 



A self-leveling type mounting clamp is recommended to assure 
parallelism and even distribution of pressure on each contact area. 
A swivel type clamp or a narrow leaf spring in contact with the 
heat dissipator provides acceptable performance. 

The clamping force should be applied smoothly, evenly, and 
perpendicularly to the semiconductor package to prevent defor- 
mation of the device or the heat-dissipator mounting surfaces 
during installation. The spring used should provide a mounting 
force within the range recommended by the semiconductor manu- 
facturer; clamping forces usually range from 800 to 2000 pounds 
force depending upon the type number. 


Installation of an assembly of disc-type semiconductors 
mounted between two heat dissipators should be done in a manner 
to permit one heat dissipator to move with respect to the other. 
Movement will avoid stresses being developed due to thermal 
expansion, which could damage the semiconductor. 

Similarly, when two or more devices are to be operated elec- 
trically in parallel, one of the heat dissipators used may be 
common to all devices. Individual heat dissipators must be pro- 
vided against the other mounting suit'acos of the semiconductors 
so that me mounting force applied in each case will be 
independently adjustable. 


FIGURE 9 — Mounting Details for Disc-Type Semiconductors 
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Thermopad 

The Motorola Thermopad® plastic power packages 
have been designed to feature minimum size with no 
compromise in thermal resistance. This is accomplished 
by die-bonding the silicon chip on one side of a thin 
copper sheet; the opposite side is exposed as a mounting 
surface. The copper sheet has a hole for mounting, i.e., 
plastic is molded enveloping the chip but leaving the 
mounting hole open. The benefits of this construction 
are obtained at the expense of a requirement that strict 
attention be paid to the mounting procedure. Success 
in mounting Thermopad devices depends largely upon 
using a compression washer which provides a controllable 
pressure across a large bearing surface. Having a small hole 
with no chamfer and a flat, burr-free, well-finished heat 
sink are also important requirements. 


Several types of fasteners may be used to secure the 
Thermopad package; machine screws, eyelets, or clips 
are preferred. With screws or eyelets, a bell compression 
washer should be used which applies the proper force 
to the package over a fairly wide range of deflection. 
Screws should not be tightened with any type of air- 
driven torque gun or equipment which may cause high 
impact. Characteristics of the recommended washers 
are shown in Figure 5. 

Figure 10 shows details of mounting TO-126 or 
TO-1 27 devices. Use of the clip requires that caution be 
exercised to insure that adequate mounting force is 
applied. When electrical isolation is required, a bushing 
inside the mounting hole will insure that the screw threads 
do not contact the metal base. 


Machine Screw or 
Sheet Metal Screw 


Compression Washer . 
Thermopad Package 


Mica Washer (Optional) 


Spring Lock Washer 


Machine or Speed 
Nut 



(a) Machine Screw Mounting 




Material: Heat-Treated Spring 
Steel 0.011 Thickness 




TO-127 Clip 


(c) Tinnerman Clips (Eaton Corp.) 


TO-126 Clip 


FIGURE 10 — Recommended Mounting Arrangements for TO-126 and TO-127 Thermopad Packages 
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The case 199 Thermopad is not more tolerant of 
mounting conditions than Case 77 or 90 parts even 
though the fastener does not bear on the plastic. The 
screw must not contact the semiconductor base plate 
as screw heads are not flat enough to apply pressure evenly 
and may cause warpage of the base plate resulting in die 
fracture. Procedures for mounting the Case 199 are 
shown in Figure 1 1 . 



Compression 

Washer 

6-32 Nut 


t LB 


(a) Machine Screw Mounting with Compression Washer 


Compression Washer 
for 6-32 Screw 

Nylon Isolation Bushing 



Thermopad Case 199 ' 
Insulating Washer (Optional'" 


Heat Sink 




}= 

n 


<b) Preferred Mounting Method, Required When Isolation Is 
Needed. Machine Screw, Flat Washer and Nut, Sheet Metal 
Screw and Speed Nut, or Eyelet May Be Used for Fasteners 


FIGURE 11 — Various Mounting Schemes 
For the Case 199 Thermopad 

(a) shows direct contact with heat sink. 

(b) shows technique when isolation is required. 
Manual Assembly Should Be Used. 


Thermowatt® 

The popular TO-220 Thermowatt® package also 
requires attention to mounting details. Figure 12 shows 
suggested mounting arrangements and hardware. The 
rectangular washer shown in Figure 1 2a is used to minimize 
distortion of the mounting flange; excessive distortion 
could cause damage to the semiconductor chip. Use of the 
washer is only important when the size of the mounting 
hole exceeds 0.140 inch (6-32 clearance). Larger holes 
are needed to accommodate insulating bushings when the 
screw is electrically connected to the case; however, the 
holes should not be larger than necessary to provide 
hardware clearance and should never exceed a diameter 
of 0.250 inch. Flange distortion is also possible if excessive 
torque is used during mounting. A maximum torque of 
8 inch-pounds is suggested when using a 6-32 screw. 

Care should be exercised to assure that the tool used 
to drive the mounting screw never comes in contact with 


the plastic body during the driving operation. Such 
contact can result in damage to the plastic body and 
internal device connections. To minimize this problem, 
Motorola TO-220 packages have a chamfer on one end. 
TO-220 packages of other manufacturers may need 
a spacer or combination spacer and isolation bushing 
to raise the screw head above the top surface of the plastic. 

In situations where the Thermowatt package is making 
direct contact with the heat sink, an eyelet may be used, 
provided sharp blows or impact shock is avoided. 


a) Preferred Arrangement 
for Isolated or Non isolated 
Mounting. Screw is at Semi- 
conductor Case Potential. 
6-32 Hardware is Used. 

Choose from Parts Listed 
Below. 


rr^nn 


6-32 Hex 
Head Screw 




(^Rectangular Steel J 
Washer \ | 

I ! ~ 


Semiconductor 
(Case 221, 221A) 
\ 


(2) Rectangular Mica J 
Insulator 

I 


6-32 Hex Nut 


b) Alternate Arrangement 
for Isolated Mounting 
when Screw must be at 
Heat-Sink Potential. 

4-40 Hardware is Used. 

Use Parts Listed Below. 




-4-40 Hex Head Screw 


, Nylon Insulating Bushing 


Semiconductor 
(Case 221, 221A) 

=> L 



Rectangular 
Mica Insulator 


Compression Washer 


4-40 Hex Nut 


(1) Used with thin chassis and/or large hole. 

(2) Used when isolation is required. 

(3) Required when nylon bushing and lock washer are used. 

(4) Compression washer preferred when plastic insulating 
material is used. 

TORQUE REQUIREMENTS 
Insulated 0.68 N-M (6 in-lbs) max 
Noninsqlated 0.9 N-M (8 in-lbs) max 


FIGURE 12 - Mounting Arrangements for Thermowatt Packages 
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Tab Mount 

Although the Duowatt® and Uniwatt® packages are 
designed primarily for use in low-power applications 
where heat sinks are not required, they can be used 
to dissipate up to 10 watts if properly mounted to a heat 
sink. These packages are relatively rugged, since the 
mounting hole is not close to the die; mounting stresses, 
therefore, are not easily transmitted to the die. 

Figure 13 shows some possible mounting arrangements. 
An axial load of 300 lbs-force produces minimum contact 
thermal resistance. This is achieved at 6 in-lbs when a 
440 machine screw is used. A sheet-metal screw and 
speed-nut can be substituted for the machine screw 
and nut, but torque readings are uncertain. The riveting 
technique should produce 300 lbs-force, using a gradually 
increasing pressure such as provided by an arbor press. 

The extrusion requires a punch press to manufacture; 
however, it is potentially the least expensive technique. 


Note that the; radius of the fillet must be small enough to 
allow the tab to lie flat on the heat sink. To utilize an 
existing chassis and board arrangement on heat sinking, 
it may be necessary to have the device lie flat on the 
chassis. In this case, the chassis mounting blocks shown 
in Figure 13d might be utilized. A possible application 
is shown in Figure 13e, where a complementary tran- 
sistor pair is used. Insulated screws and mica insulating 
washers under the blocks must be used to prevent 
shorting of the collector circuits of the two transistors. 
Alternately, an insulated bushing and a #3 screw could 
be used to secure the packages. 

To avoid the use of mounting blocks, a tab-forming 
option is available. Alternately, some equipment manu- 
facturers have constructed heat sinks with a flat, raised 
island to permit the package to be flat. Users should 
not attempt to bend the tab as a cracked die is the 
probable result. 





C. Extrusion, Used as Rivet 




Block Dimensions | 

Duowatt 

H 

W 

L 


0.140 

0.4 

0.5 

Low 

Block 

High 

Block 

0.07 

0.12 

Un i watt 

0.113 

0.3 

0.3 

0.06 

0.12 



E. Chassis Mount Block, Mounting Details 


Use Nylon Screws and Mica Insulating Washer to Prevent 
Shorting the Tabs to the Chassis, and Thus to Each Other. 


FIGURE 13 — Methods of Mounting Duowatt and Uniwatt Transistors to a Heat Sink 
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R.F. Stripline 

Besides the usual, precautions regarding surface flatness 
and torque, the stripline package (see Figure 14a) requires 
attention to the following: 

1. The device should never be mounted in such a 
manner as to place ceramic-to-metal joints in tension. 

2. The device should never be mounted in such a 
manner as to apply force on the strip leads in a. vertical 
direction towards the cap. 

3. When the device is mounted in a printed circuit board 
with the copper stud or flange and BeO portion of the 
header passing through a hole in the circuit board, 
adequate clearance must be provided for the BeO to 
prevent shear forces from being applied to the leads. 

4. Some clearance must be allowed between the leads 
and the circuit board when the device is properly secured 
to the heat sink. 

5. The device should be properly secured into the heat 
sinks before the device leads are attached into the circuit: 

6. The leads must not be used to prevent device 
rotation on stud type devices during stud torque applica- 
tion. A wrench flat is provided for this purpose. 

Most of the considerations listed above are designed 
to prevent tension at the metal-ceramic interfaces on the 
SOE package. Improper mechanical design can lead to 
application of stresses to these joints resulting in device 
destruction. Three joints are considered: the cap to the 
BeO disc, the leads to the disc, and the stud or flange 
to the disc. 

The joint between the ceramic cap and the BeO 
ceramic disc is composed of a material which loses 
strength above 175°C. While the strength of the material 
returns upon cooling, any force applied to the cap .at 
high temperature may result in failure of the cap to 
ceramic joint. 

Figure 14b shows a cross-section of a printed circuit 
board and heat-sink assembly for mounting a stud type 
stripline device. H is the distance from the top surface 
of the printed circuit board to the D-flat heat-sink surface. 
If H is less than the minimum distance from the bottom 
of the lead material to the mounting surface of the 
package, there is no possibility of tensile forces in the 
copper stud — BeO ceramic joint. If, however, H is greater 
than the package dimension, considerable force is applied 
to the cap to BeO joint and the BeO to stud joint. Two 
occurances are possible at this point. The first is a cap 
joint failure when the structure is heated, as might occur 
during the lead-soldering operation; while the second is 
BeO to stud failure if the force generated is high enough. 
Lack of contact between the device and the heat-sink 
surface will occur as the differences between H and the 
package dimension becomes larger, this may result in 
device failure as power is applied. 

Figure 14c shows a typical mounting technique for 
flange-type stripline transistors. Again, H is defined as 
the distance from the top of the printed circuit board to 
the heat-sink surface. If distance H is less than the 
minimum distance from the bottom of transistor lead 
to the bottom surface of the flange, tensile forces at the 
various joints in the package are avoided. However, if 
distance H exceeds the package dimension, problems 
similar to those discussed for the stud type devices can 
occur. Because of the ability of the copper flange to bend 


under the types of loads encountered when the mounting 
screws are tightened, permanent deformation of the flange 
may result. Corrective action after the flange has been 
bent will not necessarily insure proper thermal contact 
with the heat sink. 

The flange surface as supplied with Motorola tran- 
sistors is either flat or slightly convex. It is important 
that the mating heat-sink surface also be flat or slightly 
convex to provide the best contact when the device is 
properly secured. 

Since the flange may be permanently deformed during 
mounting, the device should not be dismounted and 
remounted in another position, without checking the 
flatness. The flange may be resurfaced using emery cloth 
mounted on a large, flat block. While this removes the 
gold- or nickel-plating, the thin layer of copper oxide 
which rapidly forms causes an insignificant increase in 



FIGURE 14 - Mounting Details for SOE Transistors 
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FREE AIR AND SOCKET MOUNTING 

In applications where average power dissipation is of 
the order of a watt or so, power semiconductors may be 
mounted with little or no heat-sinking. The leads of the 
various metal power packages are not designed to support 
the packages; their cases must be firmly supported to 
avoid the possibility of cracked glass-to-metal seals around 
the leads. The plastic packages may be supported by their 
leads in applications where high shock and vibration 
stresses are not encountered and where no heat sink is 
used. The leads should be as short as possible to increase 
vibration resistance and reduce thermal resistance. 

In many situations, because its leads are fairly heavy, 
the TO-127 package has supported a small heat sink; 
however, no definitive data is available. When using a 
small heat sink, it is good practice to have the sink rigidly 
mounted such that the sink or the board is providing total 
support for the semiconductor. Two possible arrangements 
are shown in Figure 15. The arrangement of part (a) could 
be used with any plastic package, but the scheme of part 
(b) is more practical with Case 77 or Case 90 Thermopad 
devices. With the other package types, mounting the 
transistor on top of the heat sink is more practical. 



FIGURE 15 — Methods of Using Small Heat Sinks 
With Plastic Semiconductor Packages 


In certain situations, in particular where semiconductor 
testing is required, sockets are desirable. Manufacturers 
have provided sockets for all the packages available from 
Motorola. The user is urged to consult manufacturers’ 
catalogs for specific details. 


HANDLING PINS, LEADS, AND TABS 

The pins and lugs of metal-packaged devices are not 
designed for any bending or stress. If abused, the glass- 
to-metal seals could crack. Wires may be attached using 
sockets, crimp connectors, or solder, provided the data- 
sheet ratings are observed. 

The leads and tabs of the plastic packages are more 
flexible and can be reshaped, although this is not a recom- 
mended procedure for users to do. In some cases, a heat 
sink can be chosen which makes lead-bending unnecessary. 
Numerous lead- and tab-forming options are available 
from Motorola. Preformed leads remove the risk of 
device damage caused by bending from the users. 

If, however, lead-bending is done by the user, several 
basic considerations should be observed. When bending 
the lead, support must be placed between the point of 
bending and the package. For forming small quantitites 
of units, a pair of pliers may be used to clamp the leads 
at the case, while bending with the fingers or another 
pair of pliers. For production quantities, a suitable fixture 
should be made. 

The following rules should be observed to avoid 
damage to the package. 

1. A lead-bend radius greater than 1/16 inch is advisable 
for TO-126, 1/10 inch for TO-127 and Case 199, and 1/32 
inch for TO-220. 

2. No twisting of leads should be done at the case. 

3. No axial motion of the lead should be allowed 
with respect to the case. 

The leads of plastic packages are not designed to with- 
stand excessive axial pull. Force in this direction greater 
than 4 pounds may result in permanent -damage to the 
device. If the mounting arrangement imposes axial stress 
on the leads, a condition which may be caused by thermal 
cycling, some method of strain relief should be devised. 
An acceptable lead-forming method that provides this 
relief is to incorporate an S-bend into the lead. Wire- 
wrapping of the leads is permissible, provided that the 
lead is restrained between the plastic case and the point 
of the wrapping. The leads may be soldered; the maxi- 
mum soldering temperature, however, must not exceed 
275°C and must be applied for not more than 5 seconds 
at a distance greater than 1/8 inch from the plastic case. 
When wires are used for connections, care should be 
exercised to assure that movement of the wire does not 
cause movement of the lead at the lead-to-plastic junctions. 


CLEANING CIRCUIT BOARDS 

It is important that any solvents or cleaning chemicals 
used in the process of degreasing or flux removal do not 
affect the reliability of the devices. 

Alcohol and unchlorinated Freon solvents are generally 
satisfactory for use with plastic devices, since they do not 
damage the package. Hydrocarbons such as gasoline may 
cause the encapsulant to swell, possibly damaging the 
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transistor die. Likewise, chlorinated Freon solvents are 
unsuitable, since they may cause the outer package 
to dissolve and swell. 

When using an ultrasonic cleaner for cleaning circuit 
boards, care should be taken with regard to ultrasonic 
energy and time of application. This is particularly true 
if the packages are free-standing without support. 

THERMAL SYSTEM EVALUATION 

Assuming that a suitable method of mounting the semi- 
conductor without incurring damage has been achieved, 
it is important to ascertain whether the junction tempera- 
ture is within bounds. 

In applications w'here the power dissipated in the 
semiconductor consists of pulses at a low duty cycle, 
the instantaneous or peak junction temperature, not 
average temperature, may be the limiting condition. In 
this case, use must be made of transient thermal resistance 
data. For a full explanation of its use, see Motorola 
Application Note, AN-569. 

Other applications, notably RF power amplifiers 
or switches driving highly reactive loads, may create 
severe current crowding condition's which render the 
traditional concepts of thermal resistance or transient 
thermal impedance invalid. In this case, transistor 
safe operating area or thyristor di/dt limits, as applicable, 
must be observed. 

Fortunately, in many applications, a calculation of 
the average junction temperature is sufficient. It is 
based on the concept of thermal resistance between 
the junction and a temperature reference point on the 
case. (See Appendix A.) A fine wire thermocouple should 
be used, such as #32AWG, to determine case temperature. 
Average operating junction temperature can be computed 
from the following equation: 

Tj = Tc + RfljexPo 

where Tj = junction temperature (°C) 

Tc = case temperature (°C) 

R$JC = thermal resistance junction-to-case as 
specified on the data sheet (°C/W) 

Pq = power dissipiated in the device (W). 


The difficulty in applying the equation often lies 
in determining the power dissipation. Two commonly 
used empirical methods are graphical integration 
and substitution. 

Graphical Integration 

Graphical integration may be performed by taking - 
oscilloscope pictures of a complete cycle of the voltage 
and current waveforms, using a limit device. The pictures 
should be taken with the temperature stabilized. Corres- 
ponding points are then read from each photo at a 
suitable number of time increments. Each pair of vol- 
tage and current values are multiplied together to give 
instantaneous values of power. The results are plotted 
on linear graph paper, the number of squares within 
the curve counted, and the total divided by the number 
of squares along the time axis. The quotient is the average 
power dissipation. 


Substitution 

This method is based upon substituting an easily 
measurable, smooth dc source for a complex waveform. 
A switching arrangement is provided which allows 
operating the load with the device under test, until it 
stabilizes in temperature. Case temperature is monitored. 
By throwing the switch to the “test” position, the device 
under test is connected to a dc power supply, while another 
pole of the switch supplies the normal power to the load 
to keep it operating at full power level. The dc supply is 
adjusted so that the semiconductor case temperature 
remains approximately constant when the switch is thrown 
to each position for about 10 seconds. The dc voltage and 
current values are multiplied together to obtain average 
power. It is generally necessary that a Kelvin connection 
be used for the device voltage measurement. 

APPENDIX A 

THERMAL RESISTANCE CONCEPTS 

The basic equation for heat transfer under steady-state 
conditions is generally written as: 

q = hAAT (1) 

where q = rate of heat transfer or power dissipation 

(PD). 

h = heat transfer cofficient, 

A = area involved in heat transfer, 

AT = temperature difference between regions 
of heat transfer. 

However, electrical engineers generally find it easier to 
work in terms of thermal resistance, defined as the ratio 
of temperature to power. From Equation 1 , thermal resis- 
tance, R$, is 

R 0 =AT/q=l/hA (2) 

The coefficient (h) depends upon the heat transfer 
mechanism used and various factors involved in that 
particular mechanism. 

An analogy between Equation (2) and Ohm's Law is 
often made to form models of heat flow. Note that 
AT could be thought of as a voltage; thermal resistance 
corresponds to electrical resistance (R); and, power (q) is 
analogous to current (I). This gives rise to a basic thermal 
resistance model for a semiconductor as indicated by 
Figure A1 . 

The equivalent electrical circuit may be analyzed by 
using Kirchoffs Law and the following equation results: 

Tj = Pd(R0JC + R0CS + &0SA) + Ta (3) 
where Tj = junction temperature, 

P D = power dissipation, 

RflJC = semiconductor thermal resistance 
(junction to case), 

R^CS = interface thermal resistance 
(case to heat sink), 

RflSA = heat sink thermal resistance 
(heat sink to ambient), 

Ta = ambient temperature. 

The thermal resistance junction to ambient is the sum 
of the individual components. Each component must be 
minimized if the lowest junction temperature is to result. 
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The value for the interface thermal resistance, R0CS> is 
affected by the mounting procedure and may be signi- 
ficant compared to the other thermal-resistance terms. 

The thermal resistance of the heat sink is not constant; 
it decreases as ambient temperature increases and is 
affected by orientation of the sink. The thermal resistance 


of the semiconductor is also variable; it is a function of 
biasing and temperature. In some applications such as in 
RF power amplifiers and short-pulse applications, the 
concept may be invalid because of localized heating in 
the semiconductor chip. 



FIGURE A1 — Basic Thermal Resistance Model Showing Thermal to Electrical Analogy fora Semiconductor 


APPENDIX B 

SOURCES OF ACCESSORIES 
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Other sources for Joint Compounds: Dow Corning, Type 340 


Emerson & Cuming, Eccoshield — SO (Electrically Conducting) 
Emerson & Cuming, Eccotherm — TC-4 (Electrically Insulating) 

APPENDIX B 

SUPPLIERS ADDRESSES 

Aavid Engineering, Inc., 30 Cook Court, Laconia, New 
Hampshire 03246 (603) 5244443 

AHAM Heat Sinks, 27901 Front Street, Rancho, Cali- 
fornia 92390 (714)6764151 

Astrodyne, Inc., 353 Middlesex Avenue, Wilmington, 

Massachusetts 01887 (617) 272-3850 

Delbert Blinn Company, P.O. Box 2007, Pomona, Cali- 
fornia 91766 (714)623-1257 

Dow Corning, Savage Road Building, Midland, Michigan 
48640 (517)636-8000 

Eaton Corporation, Engineered Fasteners Division, 

Tinnerman Plant, P.O. Box 6688, Cleveland, Ohio 44101 

(216)523-5327 

Emerson & Cuming, Inc., Dielectric Materials Division, 

869 Washington Street, Canton, Massachusetts 02021 

(617)828-3300 


International Electronics Research Corporation, 135 West 
Magnolia Boulevard, Burbank, California 91502 

(213)849-2481 

The Staver Company, Inc., 41-51 North Saxon Avenue, 
Bay Shore, Long Island, New York 1 1 706 

(516)666-8000 

Thermalloy, Inc., P.O. Box 34829, 2021 West Valley 
View Lane, Dallas, Texas 75234 (214) 2434321 

Tor Corporation, 14715 Arminta Street, Van Nuys, 
California 91402 (213) 786-6524 

Tran-tec Corporation, P.O. Box 1044, Columbus, 
Nebraska 68601 (402)564-2748 

Wakefield Engineering, Inc., Wakefield, Massachusetts 
01880 (617) 245-5900 

Wei Corporation, 1405 South Village Way, Santa Ana, 
California 92705 (614)834-9333 
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These selector guides are included as a quick reference to Motorola product lines often 
used in conjunction with power devices. 


RECTIFIERS 


General-Purpose Rectifiers 

Motorola offers a wide variety of low-cost devices, packaged to meet diverse mounting 
requirements. Of particular interest are plastic "buttons", such as the MR2500 series, 
designed for dip or recessed mounting, and the new plastic DO -4 stud-mounts, derived 
from these buttons, types MR2000S and MR2500S. All listed lines are available with 
anode-to-case connection by adding "R" suffix to the standard part number. 


V RRM 

Volts 

J 0 , AVERAGE RECTIFIED FORWARD CURRENT (Amperes) | 

1.0 
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30 

6.0 

_ 12 : 1 

59-01 
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60 
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t Package Size: 0.1 20" Max Diameter by 0.260" Max Length 
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GENERAL PURPOSE RECTIFIERS (continued) 
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a Request Data Sheet for Mounting Information 
CF: Consult Factory 
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Rectifier Bridges 


Motorola SUPERBRIDGES offer cost effectiveness and reliability in single phase 
applications. Chip/leadframe techniques are used for lower-current types, while the higher 
current assemblies combine pretested "button" rectifier cells for low assembly cost and 
high yields . Performance of four individual diodes is achieved at the cost of only two, 
with reliability of the whole assembly comparable to that of a single unit. The higher 
current assemblies feature versatile slip-on/solder/wire wrap terminals. 
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CF: Consult Factory 

XfX UL 

™ RECOGNIZED 

*4.0 A @ T a = 25°C 

8.0 A @ T c = 55°C 

Dimensions given are nominal 


SUPERBRIDGES is a trademark of Motorola Inc. 
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Fast Recovery Rectifiers 


. . . available for designs requiring a power rectifier having maximum 
switching times ranging from 200 ns to 750 ns. These devices are 
offered in current ranges of 1.0 to 50 amperes and in voltages to 
600 volts. Higher voltages are available upon request, but a necessary 
trade-off against switching speeds results. Reverse polarity (anode 
to case) obtained by adding an "R" suffix. 
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70 

Metal 

267-01 

Plastic 

/ 

194 

Plastic 

56-02 

(DO-4) 

Metal 

Note 1 

if 

if 

257 

(DO-5) 

Metal 

Notes 2, 3 

42A 

(DO-5) 

Metal 

50 

1N4933+ 

MR810 

MR830 

MR800 

MR850 

MR910 

MR820 

1N3879 

IN 3889 

1N3899 

1N3909 

MR860 

MR870 

. _ . JOG 

1N4934* 

MR811 

MR83.1 

MR801 

MR851 

MR911 

MR821 

1N3880 

IN 3890 

IN 39 00 

1N3910 

MR861 

MR871 

200 

1N49351 

MR812 

MR832 

MR802 

MR852 

MR912 

MR822 

1N3881 

1N3S91 1 

1N3901 

1N3911 

MR862 

MR872 

v : 40 0 

1 N4936* 

MR814 

MR 834 

MR804 

MR854 

MR914 

MR824 

IN 3883 

1 N3893 

1N3903 

1N3913 

MR 864 

MR874 

ooo: 

1N49371 

MR816 

MR836 

CO 

o 

(X) 

CC 

2 

MR856 

MR916 

MR826 

MR1366 

MR1376 

MR 1 386 

MR 1396 

MR 866 

MR876 

'•.•boo; 


MR817 




MR917 








1000 


MR818 




MR918 









30 

30 

100 

100 

100 

100 

300 

150 

200 

250 

300 

350 

400 

Tj4 # Rat«d Iq 

• : :i°cr 

75 

75 



90* 

90* 

55* 







@ Rated Iq 

. < 



100 

100 




100 

100 

100 

100 

100 

100 

TjiMax) 

.7 f Cl 

150 

150 

150 

150 

175 

175 

175 

150 

150 

150 

150 

160 

160 


0.2 

0.75 

0.2 

0.2 

0.2 

0.75 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 


1^— -1 I . .1 L 1 1 I I I I I I 1— 


*Must be derated for reverse power dissipation. See Data Sheet, 
t Package Size: 0.120” Max Diameter by 0.260” Max Length 


JAN/JANTX(V) available 

NOTES: 1 . Also available in economical Case 245; add suffix -245 to part number. (Not applicable in JAN or JTX.) 

2. Also available in economical Case 42A; add suffix -42A to part number. (Not applicable in JAN or JTX.) 

3. Braided lead top terminal configuration available; consult your Sales Representative. 
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Schottky Rectifiers 


Refinements in processing of SW ITCHMODE Schottky Power Rectifiers are producing 
ruggedness and temperature performance comparable to silicon-junction rectifiers, with 
the high speed and low forward voltage drop characteristic of Schottky's metal/silicon 
junctions. Ideal for use in low voltage, high frequency power supplies and as very fast 
damping diodes, these devices feature switching times less than 10 ns, and are offered 
in current ranges from 0.5 to 75 amperes, and reverse voltages to 45. 


V RRM 

(Volts) 

Iq, AVERAGE RECTIFIED FORWARD CURRENT (Amperes) | 

0.5 

1.0 

3.0 

3.0 | 5.0 

15 

51-02 

(DO-7) 

Glass 

59-04 

Plastic 

/ 

267 

Plastic 

/ 

60 

Metal 

J 

245 

(DO-4) 

Metal 

■tS) 

p 

„ .20 .. • 

MBR020 

1N5817 

MBR120P 

1N5820 

MBR320P 

MBR320M 

1N5823 

1N5826 

MBR1520 

30 

ttMBR030 

1N5818 

MBR130P 

1N5821 

MBR330P 

MBR330M 

1N5824 

1N5827 

MB R 1530 

• 35. ' ’ . * v 



MBR135P 


MBR335P 

MBR335M 



MBR1535 

40 

MBR040 

1N5819 

MBR140P 

1N5822 

MBR340P 

MBR340M 

U1N5825 

1N5828 

MB R 1540 

45 










> <FSM 
(Amps) ’ 

5.0 

100 

50 

250 

200 

500 

500 

500 

500 

+Tc <§> Rated J 0 
( d C). 








85 

80 

@ Rated Iq 
PC Board 
Mount (°C) 

50 






. 



f T|_ @ Rated (0 
(°C) 


90 

80 

95 

85 

90 

80 



Tj(Max) 

(°C) 

125 

125 

125 

125 

125 

125 

125 

125 

125 

Max Vp <§> . 
*FM ” 

*0.55 

T l = 25°C 

*0.60 

T l = 25°C 

0.65 

T l = 25°C 

*0.525 

T i_ =25°C 

0.60 

T l = 25°C 

0.45 @ 5 A 
T c - 25°C 

*0.38 

T q - 25°C 

*0.50 
T C = 25°C 

0.55 

T C = 25°C 


* Values are for the 40-Volt units. The lower voltage parts provide lower limits. 
T Must be derated for reverse power dissipation. See Data Sheet. 
ttMotorola TX versions available, consult factory. 


SWITCHMODE is a trademark of Motorola Inc. 




SCHOTTKY RECTIFIERS (continued) 


| * Iq, AVERAGE ftfcetipJED FORWARD CURRENT (Amperes) j 

25 | 35 

, 40 

50 { 60 j 75 

245 

(DO-4) 

Metal 

257 

(DO-5) 

Metal 

Note 1 

*s 

430-2 

(DO-21) 

Metal 

r 

257 

(DO-5) 

Metal 
, Note 1 

1N5829 

MBR2520 


M8H3520 

1N5832 

MBR4020 

MBR4020PF 


M8R6020 

MBR7520 

1N5830 

MBR2530 

1N6095 

8041 

1N5833 

MBR4030 

MBR4030PF 

1N0097 

. SD51 

MB R 7530 


MBR2535 


MBR3535 


MBR4035 

MBR4035PF 


: MBR5035 

MBR7535 

-MN5831 

MBR2540 

1N6096 


1N5834 

MBR4040 


1N6098 


MBR7540 




fMBR3545 : 





TM8R6045 

, MBR7545. 

800 

800 

400 

600 

800 

800 

800 

aoo: 

• ••-. 800 

1000 : 

85 

80 

70 

90 . 

75 

70 

50 

70 

90 . 

90.;. 























125 

125 

125 ‘ 

, 150 

125 

125 

125 

• ■ .125':’; 

;> iso 

150 

*0.48 

T c = 25°C 

0.55 

T c = 25°C 

0.86 @78 5 A 
• Tc - 70°C , 

0*70 @78 >5 A 
Tc ~ 125°C 

*0.59 

Tq = 25°C 

0.63 

Tc = 25°C 


0.86 @157 A 
T C W70°id : 

0.80 @157 A 
Tc » 125°C 

0.90 @220 A. 
Tc 126?C 


. j . Capable of 1 50°C junction temperature operation. 

(1) Braided lead top terminal configuration available; consult your Sales Representative. 
tMotorola TX versions available, consult factory. 
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ZENER DIODES 

Zener and Avalanche Regulator Diodes 


Motorola's standard Zeners and Avalanche 
Regulator diodes comprise the largest inventoried 
line in the industry. Continuous development of 
improved manufacturing techniques have resulted 
in computerized diffusion and test, as well as 
critical process controls learned from surface- 
sensitive MOS fabrication. Resultant high yields 
lower factory costs. Check the following features 
for application to your specific requirements: 

• Wide selection of package materials and styles: 

Plastic (Surmetic) for low cost, mechanical 
ruggedness 

Glass for highest reliability, lowest cost 
Metal for highest power 

• Power ratings from 0.25 to 50 Watts 

• Breakdown voltages from 1.8 to 200 V in 

approximately 10% steps 

• Available tolerances from 20% (low cost) to 

as tight as 1% (critical applications) with 
off-the-shelf delivery 

• Special selection of electrical characteristics 

available at low cost due to high-volume 
lines (check your Motorola sales represen- 
tative for special quotations) 

• JAN/JANTX (V) availability (designated by tint) 

• Special glass now used in DO-35 packages is 

compatible with low temperature alloy 
processes, yielding sharper breakdown and 
low leakage. 


NOTES 

1. The Zener Voltage is measured at approximately 1/4 
the rated power, except for the MZ4614/1 N4099 
series. This series is measured with \%j ~ 250 nMc. 
The 1N4370/1N746 series is measured with l^j = 
20 mAdc. 

2. Contact your Motorola representative for information 
on intermediate voltages and tighter tolerances. 

Tolerances 

3. No suffix = ±5% 

4. No suffix = ±20% l with guaranteed limits on V2, 

A suffix = ±10% J Vp, and Ir only 

B suffix = ±5% 

C suffix = ±2% 

D suffix = ±1% 

5. 1 N4370/1 N746 series: No suffix = ± 10% 

A suffix = ±5% 

1N957 series: No Suffix = ±20% 

A suffix = ±10% 

B suffix = ± 5% 

6. No suffix = ±10%. with guaranteed limits on V^, Vp, 
and Ir only 

A suffix = ±10% 

B suffix = ±5% 

: JAN/JANTX(V) available, ±5% only. 
tMilitary parts in 1N4370/746/962 series at standard 
1N985-1N992 supplied in DO-7. 

#1N5271 — 1N5281 supplied in Surmetic DO-7. 



250 MILLIWATT 

400 MILLIWATT 

500 MILLIWATT 1 

Nominal 

(400 mW Package) 

Low Noise 



Low Noise 

Low Leakage 



Zener 

Cathode = 

Cathode = 

Cathode = Polarity Mark 

Voltage 

Polarity Mark 

Polarity Mark 



(Note 1) 

(Notes 2, 3) 

(Notes 2, 4) 

(Notes 2,5) 

(Notes 2,6) 


Glass 

Glass 


Case 51 (DO-7) 

(DO-35)t 

1.8 

' M24614 




2.0 

M24615 




2.2 

M 24616 


' 1|44370.- ■ 


2.4 

. M 246 17 


1N5221 

2.7 

MZ4618 


: 1N4371 

1N5223 

3.0 

M 246 19 


1N4372 

1N5225 

3.3 

M 246 20 ' 

1N5518 

IN 746 

1N5226 

3.6 

M24621 

1N6519 

1N747 

1N5227 

3.9 

M 24622 

1N3520 : 

1N748 

1N5228 

4.3 

. M 246 23 : 

ms 521 : 

: IN 740 

1N5229 

4.7 

' MZ4624 

1N$522 • 

1N750 

1N5230 

5.1 

M 24625 

1N5523 . : 

1N751 : 

1N5231 

5.6 

. M2 462 6 = . 

1N5524 

1N752 

1N5232 

6.2 

M 246 27" 

1N6525 : 

IN 763 . 

1N5234 

6.8 

' 1N4099 ; "''"' ; i: 

1N5526 

' IN 7.54 
1N957 

1N5235 

7.5 

1.N410P 

1N5527 • 

IN 76 5 ■ 
1N958 

1N5236 

8.2 

. 1N4101 •' 

■ 1N5528 

IN 750 
1N959 

1N5237 

8.7 

. 1N4102 



1N5238 

9.1 

. 1N4103 ■ 

1N5S29 

1N7S7 

1N960 

IN 5239 

10 

' ■ 1NA104 ; '■ 

1145530 

1N75S. 

1N961 

1N5240 

11 

, 4N4105 

1N6531 

1N962 

1N5241 

12 

: 1N4106 

1N5532 

1 N750 
1N063 

1N5242 

13 

1N4107 

1N5533 

1N064 

1N5243 

14 

• 1N4103 

1N5S34 


1N5244 

15 

1N4109 

1N553S 

1N965 

1N5245 

16 

1N4110 

IN 563 6 

IN 966 

1N5246 

17 

1N4111 

IN 553 7 

j 

1N5247 

18 

: 1N4112 

1N5S3e 

1N967 

1N5248 

19 

1N4113 . • 

1N5S39 


1N5249 

20 

1N4114 ' 

IN 5540 

1N968 

1N5250 

22 

1N4115 ... 

= • IN 5541 

1N969 

1N5251 

24 

1N4116 . 

, . I N 554 2 

1N370 

1N5252 

25 

1N4117 : • 

' 1N5543 


1N5253 

27 

iN4iia / 


1..N9.71 

1N5254 

28 

1IM41 19 . 

IN 5 544 


1N5255 

30 

1N4120 

1N5645 

1N972 

1N5256 

33 

• 1N4121 

1N5546 

1N973 

1N5257 

36 

" 1N4122 


1N974 

1N5258 

39 

: 1N4123 


1N975 

1N5259 

43 

:; 1N4124 


1N076 

1N5260 

47 

1N4126 - . 


1N977 

1N5261 

51 

1N4126 


1N978 

1N5262 

56 

1N4127 


1N979 

IN 5263 

60 

1N4128 



1N5264 

62 

1N4120 


1N980 

1N5265 

68 

• : 1N4T30 


1N001 

1N5266 

75 

•• .: 1N4 131 


IN 982 

1N5267 

82 

• 1N4132 : . 


1N983 

1N5268 

87 

: 1N4133 


1N5269 

91 

, 1N4134 


1N984 

1N5270 

100 

: 1N4136 • 


• 1N986 

1N5271# 

110 



1N986 

1N5272# 

120 



1N987 

1N5273# 

130 



1N088 

1N5274# 

140 




1N5275# 

150 



1N989 

1 N5276 

160 



1N990 

1N5277 £ 

170 




1N5278" 

180 



1N991 

1N5279 # 

200 



1N992 

1N5281 # 
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ZEIMER AND AVALANCHE REGULATOR DIODES (continued) 


Nominal 

Zener 

Voltage 

1 WATT 

Cathode = 
Polarity Mark 

1 WATT 
Cathode 
to Case 
Metal 

Case 52 
(DO-13) 

1.5 WATT 

Cathode = 
Polarity Mark 

1 .5 WATT 

Cathode 
to Case 

5 WATT 

Cathode = 
Polarity Mark 

10 WATT 

Cathode to Case 
= 1N3993 Series 
Anode to Case 
= 1N2970 Series 

50 WATT 

Anode to Case 

(Note 1) 

(Notes 2,7) 

(Notes 2, 8) 

(Notes 2, 9) 

(Notes 2, 10) 

(Notes 2, 11) 

(Notes 2. 10) 

(Notes 2, 10) 

(Notes 2, 10) 



/ 

/ 

si 

/ 

f 

/ 

4 




Case 59 
(DO-41) 

? ■ 

/ Case 52 

7 (DO-13 

/ Glass 

Case 59 
(DO-41) 

Metal 

Case 55 

/ Surmetic 40 
Case 17 

V 

Metal 

Case 56 
(DO-4) 

Metal 

Case 54 
(TO-3) 

Metal 

Case 58 
(DO-5) 

3 3 

1N4728 

IN3821 

1N5913 


1N5333 




3.6 

1N4729 

- IN 3822 

1 N59 14 


1N5334 




3.9 

1N4730 

.. IN 3323 

IN 59 15 


1 N5335 

1N0993&R. 

1N4667&R 

1N4549&R 

4.3 

1N4731 

. 1 N3824 

1N5916 


1N5336 

1N39.94&R 

1N4508&R 

1N45508.R 

4.7 

1N4732 

■ IN 3825 

1N5917 


1N5337 

1N3995&R 

1N4559&R 

1N4551&R 

5.1 

1N4733 

v IN 3826'. 

1N5918 


1N5338 

1 N3996S, R 

1N4560&B 

1N4S626{R 

5.6 

1N4734 

' . 1N3827 

1N5919 


1N5339 

1N3997&R 

1N4561&R 

.. 1N4553&R 

6.2 

1N4735 

. . 4N3828. 

1N5920 


1N5341 

1N3998&R 

1N4562&.R 

1N4554&R 

6.8 

1N4736 

1N3829 

1N5921 

1N3785 

1N5342 

1N3999&R , 

1N4563&R 

1N4555&R 



•' VN3CH6 




1N2970&R ' 

1N2804&R •’ 

' tN330S3rR 

7.5 

1N4737 

IN 3830 

1N5922 

1N3786 

1N5343 

' 1N40QO&R . 

1 N4564&R 

1N4556&R 



IN 301 7/ 




1N2971&R 

1 N 28058* R- - 

..1N3306&R 

8.2 

1N4738 

1N3D18 

1N5923 

1N3787 

IN 5344 

1N2S72&R . 

1N2806&B 

" 1N3307&R 

8.7 





1N5345 




9.1 

1N4739 

IN 30 19 

1N5924 

1N3788 

1N5346 

1N2973&R ■ 

. 1N2807&R 

1N3308&P 

10 

1N4740 

1N302Q: 

1N5925 

1N3789 

1N5347 

1N2974&R. i 

.. . 1N2808&R : 

1N3309&R 

1 1 

1N4741 

TN3021 

1N5926 

1N3790 

1 N5348 

1N2975&R- ■ 

1N2809&R 

. 1N3310&R 

12 

1N4742 

1N3822 . 

1N5927 

1N3791 

1N5349 

1N2976SiR ; 

1N2810&B : 

..1N3311&R 

13 

1N4743 

TN3023. . 

1N5928 

1N3792 

1N5350 

1N2977&R 

1N28U&R : 

. ' 1N3312&R 

14 





1N5351 

' 1N2978&R 

1N2812&R , 

1N3313 &n' 

-15 

1 N4744 

IN 3024 

1N5929 

1N3793 

1N5352 

- 1N2979&R- ■ - 

1N28l34rR 

1N3314&R, 

16' 

1N4745 

1 N302S 

1N5930 

1N3794 

1N5353 

1N29B0&R. - 

1N2814&R- 

1N3315&R • 

17 





1N5354 


' 1N28T5&-R 

.. 1N3316&R 

18 

1N4746 

1N3026 

1N5931 

1N3795 

1N5355 

1N2982&R '. • 

' 1N2816&R 

' 1N3317&R 

19 





1N5356 

-“*V 1N2983&R . 

• '1N28imR 

• 1N3318&R , 

20 

1N4747 

1N3027 • 

1N5932 

1N3796 

1N5357 

• 1N2984&R , 

. 1N2S18&R - 

. .1N33i96*:^ • 

22 

1N4748 

1 N3028: 

1N5933 

1N3797 

1N5358 

1N298S&R^ : ' 

. 1N2819&R. 

1N3320&R .. 

24 

1N4749 

1N3.029; ", 

1N5934 

1N3798 

1N5359 

iN2986&R:4. 

lN28208i'R 

1N332l8rR: 

25 





1N5360 


1N2821&R- 

tN3322^R 

27 

1N4750 

1N3Q30 ' 

1N5935 

1N3799 

1N5361 

. ' ' iN20888(R 

•• iN28223(R 

' tN3323& R . 

28 





1N5362 




30 

1N4751 

TN3031 

1N5936 

1N3800 

1N5363 

■■ 1M2989&R,/ - 

. : . 1N2823&R. : 

.''■ : 'iN3324^R- %; 

33 

1N4752 

1 N3032 

1N5937 

1N3801 

IN 5364 

1N2.990&R . ' 

TN2824&R • 

: .. 1N3325&R , 

36 ' 

1N4753 

IN 3033 

1N5938 

1N3802 

1N5365 

.tN&SOf&R = '• 

•/ 1N2825&R,. 

•>..:;i^332s4r ' : 

39 

1N4754 

1N3034 

1N5939 

1N3803 

1N5366 

1N2932.&R 

" :iN2826&R: ; 

:;;. : 'iN3327'&.R 

43 

1N4755 

1 N3035 •; 

1N5940 

1N3804 

1N5367 

' 1N2992&R 

/ IN 28278* R 

" " JN3328.&R 

47 

IN 47 56 

1 N3036 

1N5941 

1N3805 

1N5368 

TN2996St,R 

;■ 1N2829&R "• 

... lN333<?<Si'^:. 

51 

1N4757 

1N3037 

, 1N5942 

1N3806 

1N5369 

1N2997&R,:., ' 

1N2831&R ••! 

: -1N33328*,R,:"; 

56 

1N4758 

' 1N303S' ' 

1N5943 

1N3807 

1N5370 | 

■1N2999&R / V 

.. . 1N2832&R 

; .1N33348f''B : -; 

60 





1N5371 




62 

1N4759 

1N3039 , 

1N5944 

1N3808 

1N5372 


' 1N ; 28.338rR : 

'• " 1 N3.3388i.R- , 

68 

1 N4760 

1 N3040 . . 

1N5945 

1N3809 

1N5373 

1N300t&R '.v 

1N2834SR 

/IN 3 3304^ 

75 

1N4761 

1N304T 

1N5946 

1N3810 

1N5374 

1N3002&R 

1N2835&R J 

. ' "1N3337&R,, 

82 

1N4762 

IN 3042;: ::: ; 

1N5947 

1N3811 

1N5375 

f 1N3Q03&R' 

1N2(3368'R ' 

/•1N333:84R 

87 





1N5376 


: " \ j 


91 

1N4763 

1N3043P: 

1N5948 

1N3812 

1N5377 

tN3004&R 

1N2837S.R; 

■ 

100 

1N4764 

. . 1N3044. 

IN 5949 

1N3813 

1N5378 

• :iN3005&R 

' 1 N.283.86r:R -"i 

/: 1N.334.0&R .. 

110 

1M1 10ZS10 

1 N3045 • 

1N5950 

1N3814 

1N5379 ! 

1N30076iR •• 

■' - : "lN28408< ; Rt5;1 

</;,TNb342&R 

120 

1M120ZS10 

/ 1N3046 •" . 

1N5951 

1N3815 

1N5380 ! 

1N30OS.& R /.; 


:; ;.'.^1.N3343&R- 

130 

1M130ZS10 

; • IN 3047- ' 

1N5952 

1 N 38 16 

1N5381 

,: i|Nf3009^R. ■' 

''lK(2a42&R 

/•'/l N3344&.R 

150 

1M150ZS10 

' 1N3048 

1N5953 

1N3817 

1N5383 

// 1N301T.&R 

' .1N2843&R 

1;N3346&R 

160 

1M160ZS10 

.•1N304O:: : 

1N5954 

1N3818 

1N5384 


tN2844&R 

/.'..1:N33478t R 

170 

1M170ZS10 

f.-. ■ 



1N5385 




180 

1 M 180ZS1 0 

" 1N3050 ’ 

1N5955 

1 N 38 19 

1N5386 

insoiMr 

1N2845«(R';' 

' I N 3349 Sr R 

200 

1M200ZS10 

'• '/IN3G53 • : 

1N5956 

1N3820 

1N5388 

; 1N30.15&R: 

,tN28468«;R : :|! 

V 1N33.50&R 


R, RA, and RB = Reverse Polarity Types Available. 
' JAN/JANTX { V) available, ±5% only. 


NOTES— Tolerances (continued) 


7. 


8 . 


9. 


No suffix ~ ± 1 0% 

A suffix - ± 5% 

1N3821 series: No suffix - i 1 0% 
A suffix - i 5% 

1 N3016 series: No suffix = i 20% 

A suffix = ± 10% 

B suffix = ± 5% 

No suffix = ±20% 

A suffix = ± 1 0% 

B suffix = ± 5% 


C suffix = ± 2% 

D suffix = ±1% 

10. No suffix = ± 20% 

A suffix = ± 10% 

B suffix = ± 5% 

11. No suffix - ±20% with guaranteed limits on V^, Vp, Ir, 

and ir only 
A suffix = ± 1 0% 

B suffix = ± 5% 
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Zener Reference Devices 


For applications where output voltage must remain within 
narrow limits during changes in input voltage, load resistance 
and temperature. Motorola guarantees all Reference Devices 
to fall within the specified maximum voltage variations, AV£, 


Devices in this table are hermetically sealed structures. 
Includes JAN, JANTX and radiation hardened device types. 
These temperature compensated Zener Reference Diodes have 
low dynamic impedance and silicon-oxide-passivated junctions 
for long-term stability. 


at the specifically indicated test temperatures and test current 
(JEDEC Standard #5). Temperature Coefficient is also speci- 
fied but should be considered as a reference only — not a max- 
imum rating. 



All devices Case 51 (DO-7) except as noted ♦ 


' ' ' :• Test -Test; 

V*.; . Current Temji 

Volts i mAdc Points 


AVERAGE TEMPERATURE COEFFICIENT OVER TH£ OPERATING RANDS 

oi mm %/°c 0.002 % f ° c . , ; 0,001 ,%/**■& = 0000$ . 

*— TIvjT"’ : iT pv^— r TlAV2 

rice Max Device Max Device Max Device : Max Device Max 

pe Volts Type Volts Type Volts Type | Volts i Type , \ Volts 















Precision Reference Diodes 

Designed, manufactured and tested for ultra-high stability of 
voltage with time and temperature change. Use of special mea- 
surement equipment and voltage standards provide calibration 
directly traceable to the National Bureau of Standards. 



Rsferonco 

Voltage 

Volts 

Test 

Current 

mA 

Temperature 

Stability 

CERTIFIED VOLTAGE TIME STABILITY OVER 1000 HOURS OF OPERATION 

(Parts/Million Change) 

<5 PPM/1000 HR 

<10 PPM/1000 HR 

<20 PPM/1000 HR 

<40 PPM/1000 HR 

aV z (mV) 

OP Tomp 
Range °C 

Device 

Type 

Change 

mV 

Max 

Devico 

Type 

Chango 

mV 

Max 

Dovice 

Typo 

Change 

mV 

Max 

Device 

Type 

Chango 
mV ! 

Max 

6.2 ± 5% 

7.5 

2.5 

25,75,100 

MZ605 

30 

MZ610 

60 

MZ620 

120 

MZ640 

240 


Amplifying Regulator Diodes 

Designed for use in regulated power supplies as a combination 
voltage reference element and error voltage amplifier, providing 
temperature compensation for excellent reference voltage 
stability. Available with either PNP or NPN transistors by adding 
either P or N suffix to part number. 


ELECTRICAL CHARACTERISTICS (i ZT = 5 OmA, V CE0 = 30 V) 



VREP 

Tolerance 

Test Temperature 

AVreF 

Device 


Volts 


°C 

Volts 

Type 





0.051 

MCA 1 91 1 





0.025 

MCA 1912 


G 0 

10 

0, +2j, < J 

0.010 

MCA 19 13 





0.005 

MCA1914 

gmm 




0.105 

MCA 1921 


C 8 

5 0 

-55, 0, +25, 

0.052 

MCA 1 922 




-55, +100 

0.020 

MCA 1923 





0.010 

MCA 1924 

igflnj 




0.139 

MCA 1 93 1 

II II III 

0 8 

5.0 

-55, 0, +25 

0.069 

MCA 1 932 

' u ^ 



+ 75,+ 1 00,+ 1 50 

0.026 

MCA 1 933 





0.013 

MCA1934 











0.060 

MCA2011 





0.030 

MCA2012 





0.012 

MCA2014 





0.006 

MCA2014 





0.124 

MCA2021 


8 6 

5.0 

-55, 0, +25 

0.062 

MCA2022 




+ 75, +100 

0.024 

MCA2023 

o — V, 




0.012 

MCA2024 


° 

B 





0.164 

MCA2031 

0 



8 6 

5.0 

-55, 0, +25 

0.082 

MCA2032 


r NPN 




+ 75, + 100, + 150 

0.032 

MCA2033 


r' 





0.016 

MCA2034 








« 





0.071 

MCA21 1 1 

* 





0.035 

MCA21 12 


9 5 

10 

0, +25, +75 

0.014 

MCA21 13 





0.007 

MCA21 14 





0.147 

MCA2121 


9.5 

5.0 

-55, 0, +25 

0.073 

MCA2122 




-75, +100 

0.028 

MCA2123 





0.014 

MCA2124 





0.194 

MCA2131 


9 5 

5.0 

-55, 0, +25 

0.097 

MCA2132 




+ 75.-100.+ 150 

0.038 

MCA2133 

c 






0.019 

MCA2134 

E 






0.082 

MCA2211 

O 






0.041 

MCA2212 


l PNP 

V.«, 

1 1 

10 

0, +25, +75 

0.016 

MCA2213 


A 





0.008 

MCA2214 


— o J 





0.170 

MCA2221 


1 1 

5 0 

-55, 0, +25 

0.085 

MCA2222 





0.034 

MCA2223 




+ 75, +100 

0 017 

MCA2224 





0.225 

MCA2231 


1 1 

5.0 

-55, 0, +25 

0.1 12 

MCA2232 




+ 75.+ 100.+ 150 

0.044 

MCA2233 


i 



0.022 

MCA2234 


Field-Effect Current 
Regulator Diodes 

High impedance diodes whose "constant current 
source” characteristic complements the "con- 
stant voltage” of the zener line. Currents are 
available from 0.22 to 4.7 mA, with usable 
voltage range from a minimum limit of 1.0 to 
2.5 V, up to a voltage compliance of 100 V, 
for the 1N5283 series, or 70 V, for the 
MCL1 300 series. 




X 

/ 

Glass 

Case 51 

DO-7 

Reg. Current 
fp 

@Vt * 25 V 
mA 

Device 

Knee Imp 

@Vk » 6.0 V 
MU 

Limiting 
Voltage 
m L *0.8 Ip 
Volts 

Nam 

Type 

Max 

Max 

0.22 

1N5283 

2 75 

1 00 

0.24 

IN 5284 

2.35 

1.00 

0.27 

1N528S 

1.95 

1.00 

0.30 

: 1N52B6 

1.60 

1.00 

0.33 

IN 5287 

'1.35 

1.00 

0.39 

1N5288 

1.00 

1.05 

0 43 

1N5289 

0.870 

1.05 

0.4 7 

; 1N5290 

0.750 

1.05 

0.56 

1N5291 

0.560 

1.10 

0.62 

1N5292 

0.470 

1.13 

0.68 

1N5293 

0.400 

1.15 

0.75 

1N5294 

0.335 

1.20 

0.82 

1NS295 

0.290 

1.25 

0.91 

1N5296 

0.240 

1.29 

1.00 

TN5297 

0.205 

1.35 

1.10 

1N5298 

0.180 

1.40 

1.20 

1N5299 

0.155 

1.45 

1.30 

IN 5300 

0 135 

1.50 

1 40 

1N5301 

0.1 15 

1.55 

1.50 

1N63Q2 

0.105 

1.60 

1.60 

IN 5303 

0.092 

1.65 

1.80 

1N53Q4 

0.074 

1.75 

2.00 

1N5305 

0.061 

1.85 

2.20 

IN 5306 

0.052 

1.95 

2.40 

1N5307 

0.044 

2.00 

2.70 

IN 5306 

0.035 

2.15 

3.00 

IN 5309 

0.029 

2.25 

3.30 

IN 5310 

0.024 

3.35 

3.60 

IN 5311 

0.020 

2.50 

3.90 

IN 5312 

0.017 

2.60 

4.30 

1N5313 

0.014 

2.75 

4.70 - 

1N5314. 

0.012 

2.90 

0.5±0.3 

MCL1300 

0.500 

1.00 

1.0±0.6 

MCL1301 

0.200 

1.50 

2.0± 0.6 

MCL1302 

0.100 

2.00 

3.010.6 

MCL1303 

0.050 

2.00 

4.010.6 

MCL1304 

0.025 

2.50 


CJ JAM/JANTX (V) availability 
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Low Voltage Regulators 

High-conductance silicon diodes designed as stable 
forward-reference sources for transistor amplifier biasing 
and similar applications. Available in high reliability glass 
construction or economic plastic packaging. 



ELECTRICAL CHARACTERISTICS 


(Ta = 25°C unless otherwise noted). 


Forward 

Reference 

Voltage 

Test 

Current 

IpmA 

Leakage 

Current 

fiA Volts 

Device 

Type 

Casa 

Min 

Max 

0.63 

0,71 

10 

10 

5.0 

MZ2360 

59 









Surmetic 

1.24 

1.38 

10 

10 

5.0 

MZ2361 

51 









Surmetic 

1.90 

2.10 

10 

10 

5.0 

MZ2362 

51 

0.58 

0.70 

1.0 

0.1 

4.0 

.4M.64FR10 

Glass 

1.29 

1.43 

10 





.4M1.36FR5 



1.33 

1.39 

10 





.4M1.36FR2 



1.94 

2.14 

10 





.4M2.04FR5 



2.00 

2.08 

10 





.4M2.04FR2 



0.58 

0.70 

1.0 





1N816 




Transient Suppressors 


Transient suppressors designed for applications requiring protection of voltage sensitive 
electronic devices in danger of destruction by high energy voltage transients. Select from 
standard factory available types or design the suppressor to meet specific needs by paralleling 
cells. For specific options, i.e., non-standard voltages, higher power capacity, and package 
configurations, consult factory. 



Time— ( ms) 

CASE 119 




l R 












Vr 

Reverse 

AV 2 

v c 

vp 





1 

I 

I 

« 

! 

Current 

Breakdown Voltage 

Clamping Voltage 

Forward Voltage 



Mom 




Min 

»ZT 

Max Ipn- 


F 



Vdc 

V(RMS) 

mA : ' 

Volts 

mA 

Volts 15 

Amp 

Volts * 

Amp 

Device Typo 

Case ■ 

mm 

10 

50 

16 

0.4 

24 

200 

1.5 

10 

MPZ5-16A 

119 

KB 

10 



16 

0.4 

20 

200 





MPZ5-16B 



mSm 

20 



32 

0.2 

50 

100 





MPZ5-32A 



WM 

20 



32 

0.2 

45 

100 





MPZ5-32B 



28 

20 



32 

0.2 

40 

100 





MPZ5-32C 



165 

117 



180 

0.03 

250 

20 





MPZ5-180A 



165 

117 



180 

0.03 

225 

20 





MPZ5-180B 



165 

117 



180 

0.03 

205 

20 





MPZ5-180C 




9 


9-12 







10 


10-2 



SUPPLEMENTAL LITERATURE 

The following documents may provide additional information for your circuit designs. 
Copies may be obtained from Motorola Semiconductor Products Inc., Literature Distri- 
bution Center, P.O. Box 20924, Phoenix, AZ 85036. 


POWER SUPPLY C8RCU1T DESIGN 


AN-719 A New Approach to Switching 
Regulators 

This article describes a 24-Volt, 3-Ampere 
switching mode supply. It operates at 20 kHz 
from a 120 Vac line with an overall efficiency of 
70%. New techniques are used to shape the load 
line. The control portion uses a quad comparator 
and an opto coupler and features short circuit 
protection. 

AN-725 A Low-Cost 80 V-1.5 A Color TV 
Power Supply 

A full-wave SCR power supply is proposed 
for application in line operated color television 
receivers. Economy of design is maintained while 
providing good regulation against line, load and 
temperature changes. 

AN-737A Switched Mode Power 
Supplies— Highlighting a 5-V, 40-A 
Inverter Design 

This application note identifies the features of 
various regulator circuits that are in use today in 
AC to DC power supplies. The note also illus- 
trates how these circuits may be used as 
complementary building blocks in a system de- 
sign. Primary emphasis is on switched mode 
regulators beause they fill the present need for 
energy and space savings. 

A complete 5-V, 40-A line operated inverter 
supply is described in detail including design 
procedures for the magnetic components. The 
inverter itself is a “state-of-the-art” design which 
features CMOS logic, high voltage power transis- 
tors, Schottky rectifiers and an opto-electronic 
coupler. It operates with a full load efficiency of 
80% at a frequency of 20kHz. 

AN-752 An 80-Watt Switching Regulator 
for CATV and Industrial Applications 

This application note describes a 24-Volt, 3- 
Ampere switching, regulated power supply that 
operates above 18 kHz from a 40-to 60-Volt, 60- 
Hz square wave source (CATV power line from a 
ferroresonant fransformer) or a dc standby 
source with input output isolation. The control 
circuit consists of a dual operational amplifier 
and a linear integrated circuit timer which are 
used to vary the on time of a new high-speed 
power transistor. The circuit provides good effi- 
ciency, good regulation, low output ripple and 
incorporates input and output voltage over shut- 
down protection. 


AN-767 A Line Operated, Regulated 
5V/50A Switching Power Supply 

This application note describes a regulated 
220V ac to 5 Vdc converter using high voltage 
switching transistors and Schottky barrier recti- 
fiers. The control functions are all performed by 
integrated circuits. 

AN-786 Power Darlington Load Line 
Considerations 

Power Darlington load lines are discussed in 
the light of a typical application of a Switchmode 
Darlington power transistor. Darlington advan- 
tages are reviewed and the test circuit is 
introduced. Load line analysis revealed a reverse 
bias SOA problem and just enough snubbing 
was used to insure reliability without unduly sac- 
rificing efficiency. 

EB-52 Control Your Switching Regulator 
With The MC3380 Astable Multivibrator 

Engineering Bulletin EB-52 describes the 
operation and characteristics of the MC3380 
astable multivibrator and details the design of a 
200 volt switching regulator circuit for gas dis- 
charge displays using this device as the control 
element. 

EB-66 A Symmetry Correcting Circuit 
for Use with the MC3420 

EB-66 shows a method of implementing an 
external symmetry-correction circuit with the 
MC3420 Switchmode Regulator Control 1C to 
insure balanced operation of the power trans- 
former in push-pull inverter configurations. 

MC3420/3520 Switchmode Regulator 
Control Circuit 

The MC3520/3420 is an inverter control unit 
which provides all the control circuitry for PWM 
push-pull, bridge and series type Switchmode 
power supplies. 

TL494/495 Switchmode Pulse Width 
Modulation Control Circuits 

The TL494 and TL495 combine the best fea- 
tures of existing PWM control circuits and add 
other on-chip functions. These devices provide, 
on a single monolithic chip, all the control cir- 
cuitry for PWM push-pull, bridge and series type 
switchmode power supplies. 
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AUDIO CONTROL CIRCUIT DESIGN 


AN-240 SCR Power Control 
Fundamentals 

Relationships of control angle to peak volt- 
age, average voltage, RMS voltage and power 
are presented in chart form. Time constants for 
relaxation oscillators are discussed for both DC 
and AC supplies. These basic form the heart of 
SCR control. 

AN-483B 20 and 30 Watt Power 
Amplifiers Using Darlington Output 
Transistors 

Use of monolithic power Darlington output 
transistors can greatly simplify the design of 
highfidelity amplifiers. Described herein is a 20- 
Watt amplifier which uses only three transistors, 
and a 30-Watt amplifier which uses four. 

AN-484A Medium-Power Audio 
Amplifiers 

This note describes a basic circuit design 
approach for audio complementary power ampli- 
fiers. Procedures are detailed for the selection of 
input, driver and output transistors. Both simple 
and Darlington transistor systems are included. 
Biasing, thermal considerations, overload pro- 
tection and power supply information is given 
extensive treatment. 

Design examples, including all circuit values,, 
performance data and and suggested P.C. board 
layouts, are given for simple tranasistor am- 
plfiers at the 3, 5, 7, 10, 15, 20, 25, and 35 Watt 
levels. Also included are three amplfiers using 
Darlington output transistors at the 15, 20, and 
25 Watt levels. 

AN-485 High-Power Audio Amplifiers 
with Short-Circuit Protection 

This application note describes a recom- 
mended circuit approach for high-performance 
audio amplifiers in the 35-Watt to 100-Watt RMS 
power range. Circuitry is included which enables 
the amplifier to operate safely continuously un- 
der any load condition including a short. 


AN-705 Pulse Width Modulation for 
Small DC Motor Control 

This application note explains the use of 
modern pulse width modulation techniques as an 
efficient and economical solution to small DC 
motor control. Several practical circuit design 
approaches using discrete, operational amplifier 
and integrated circuit devices are described and 
illustrated. 


AN-712A Interface Techniques Between 
Industrial Logic and Power Devices 

This application note presents worst case 
design approaches to illustrate the methods of 
interfacing McMOS and MHTL logic to various 
power load levels, both ac and dc. Interface de- 
vices vary from small-signal transistors to power 
transistors and thyristors, using direct cou- 
pling/level translation and optoelectronic cou- 
pling techniques. 


AN-755 Solid-State Relays for AC Power 
Control 

Solid-State Relays (SSRs) using both SCRs 
and Triacs are examined in detail. The advan- 
tages and 

disadvantages of SSRs compared with electro- 
mechanical relays are discussed. Inductive loads 
are reviewed and snubbing suggestions made. 
Parts lists are given for SSRs for voltages of 120 
and 240 V rms and currents from 5 to 113 A 
rms. Also described are circuits to give ac and 
CMOS compatibility. 


AN-766 A Variable Frequency Control for 
30 Induction Motors 

This application note describes a variable 
variable voltage drive system for three-phase 
induction motor controls. A survey of possible 
system configurations and a detailed description 
of a semi-converter/transistor inverter quasi- 
square wave drive system are included. 
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POWER TRANSISTORS 


AN-569 Transient Thermal 
Resistance — General Data and Its Use 

Data illustrating the thermal response of a 
number of semiconductor die and package 
combinations are given. Its use, employing the 
concepts of transient thermal resistance and 
superposition, permit the circuit designer to pre- 
dict semiconductor junction temperature at any 
point in time during application of a complex 
power pulse train. 

AN-778 Mounting Techniques for Power 
Semiconductors 

For reliable operation, semiconductors must 
be properly mounted. Discussed are aspects of 
preparing the mounting surface, using thermal 
compounds, insulation techniques, fastening 
techniques, handling of leads and pins, and eval- 
uation methods for the thermal system. 


AN-785 Reverse Bias Safe Operating 
Area 

The rating of high voltage, high speed switch- 
ing transistors for safe turn-off operations is 
examined. Clamped inductive turn-off measure- 
ments are used to generate a switching 
RBSOA — reverse bias safe operating area — 
which can be used in conjunction with load line 
analysis to assure proper transistor operation. 
The effects of inductance, temperature, base 
turn-off conditions and forward base drive on 
RBSOA are included in the discussion. 

EN-101 Verifying Collector Voltage 
Ratings 

Methods of verifying the various voltage rat- 
ings given oh transistor data sheets are 
described. Practical test circuits are given and 
testing problems are discussed. A detailed dis- 
cussion of the avalanche breakdown mechanism 
and the significance of various voltage ratings is 
also included. 


THYRISTORS 


AN-466 Circuit Applications for the Triac 

This note discusses the basic theory of oper- 
ation of the triac with control methods and 
circuit applications. Among the applications in- 
cluded are basic switches, lamp dimmers, motor 
controls, a heater control, a flasher, a regulator, 
protective circuits and zero-point switching. 


AN-568 A Fuse-Thyristor Coordination 
Primer 

This report treats the considerations required 
for the use of fuses in protecting thyristors 
against short circuit fault currents. Basics of the 
mating philosophy are discussed and practical 
examples of coordination are given. Symbols, 
terms and their definitions are included. 


ZENER DIODES 


AN-784 Transient Power Capability of 
Zener Diodes 

Because of the sensitivity of semiconductor 
components to voltage transients in excess of 
their ratings, circuits are often designed to in- 
hibit voltage surges in order to protect 
equipment from catastrophic failure. This note 
discusses the power capability of zener diodes 
for transient suppression. 
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